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A Nofe FROM THE AUTHORS: 

This text, on Monitoring and Surveillance, is intended 
for tftre undergraduate college student and the professional 
technician. With these readers in mind, ve have presented 
the material both from a practical standpoint and from a 
philosophical academic approach* 

■v 

The "reason for" as well a^ a "how to" approach is 
important in environmental measurements* The best environ- 
mental measurement? are made by knowledgeable professionals 
who are dedicated to environmental protection. To give 
emphasis" to ^this approach, we have Included problems at the 
end of each chapter which require work in the field, either 
in making actual measurements or in working with the pro- 
fessionals who make measurements* This Integration of 
practical and theoretical material provides, a useful applica 
tion^of the knowledge to actual environmental measurements. 

The only way to learn is to do, 

* The text has been structured to allow key word identifi 
cation along the side of the written material. Quick 
reference and mental ordering fellow from these key words. 
This space also provides room for notes and diagrams as 
desired by the user, , 

We ark grateful to 'Mrs. Pamelia Murdock and Mrs. Carol 
Nelson for^ typing the manuscript, to Mrs. Alice Zimmerman 
for artwor^y and to the many people in academic and govern- 
mental circles who contributed ideas and directions to this 
•effort. 

Robert L. Champlln 
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The 

Environment 



Professional 
Technician 



In recent years a significant interest has developed 
both in the, scientific ahd ^public sectors of our society 
concerning our environment. We have recognized our absolute 
dependence upon the dynar^ic system and interrelationships of 
food, water, and air. In perspecti^'e , these revelations 
generally occurred only after several specific parts of the 
system had deteriorated to such an extent that awareness became 
mandatory. This awareness signaled a demand for clean-up and 
protection of our natural resources. Standards of performance 
were set and laws w,ere passed to control pollution. These 
laws and standards, fortunately, go beyond immediate minimum 
requirements for survival and ,iim toward the strengthening of 
the factors involved in the quality "of our lives. 

The strict en^urcement of pollution stand*-irds att.i the 
proper management of our resources vyill require a cc^'Plf*^' and 
accurate surveillance system. This system will depend 
large part on a new group of professional technicians who are 
highly trained in monitoring the environment. This monitoring 
responsibiJLity will involve the selection and installation of 
automatic monitoring equipment, the- standardization of instru- 
ments and systems, and the c'ollectior and evaluation of the 
data. Since, no automatic sensing system will be adequate to 
fully monitor our environment, additional data from individual 
samples will be needed. 



This book is aimed primarily toward the training of the 
prof '^ssional technician who has the responsibility for this 
basic environmental data. 



Monitoring 

Responsibilities The basic responsibility for monitoring is to indicate 
what is going on in the environment. This monitoring can be 
broken down into these steps: 

1. selection of proper .parameters for testing and 
evaluation, 

^ 2. analysis ot presently available data, 

3. selection of proper sites for additional sample 
collection, 

4. selection of proper collection systems based on need 
for continuous or non-continuous data, 

5. selection of testing systems to produce data based 
on parameters and management needs. 



6. standardizatiofi of system.^ and testing in order to 
' assure accuracy of daVa, 

7. collection andi presentation of dat?;, 

8. evaluation of data for enforcement o^ standards or 
development of bett,er management, 

9. evaluation of the total system co see if the data 
available and data collected is meeting the 
surveillance requirements . 

Although this general outline seems simple, each step 
Involves and requires considerable knowledge and experience 
for proper success. This book will present the knowledge 
necessary for proper development of these steps. 

Pollution . The pririary reason for monitoring is to stop pollution. 

Our planet is polluted. Everyone is awarf" that have changed 
and polluted our environment. We read about pollution problesis 
in our daily newspapers and magazines such os; oil slicks on 
our oceans and coastal watv^rs, fish kills in cur rivers and 
lakes, polluted water supplies, and heavy eye-irritating snog 
in all- of our large cities. We see programs on television 
shoving the garbage ^>*e dump in the oceans and its effect on 
ocean life. Ke see Kiicie' drainage that colons our waters and 
ces troys life. We see wrecked automobiles, refrigerators, 
tires, paper, ;;nci garb&f;e ail over the country side. We see 
a loss of beauty in our city a.%d rur^l life. , 

The general public and many active conservation groups - 
demand an end tc this pollution. Ecology clubs anci biology ^ 
groups warn of impending disaster froL-* pollution. Everyone 
demands a change in cur environmental a^titude, a change in our 
stewardship or natural resources. Responding to this dynamic 
concern for our environ^cn^int, our legislatures' have passed laws 
to control and prevent pollution. 

But What Ir. How do you c'eflne pollution? How do you put a i5uraber on 

Ponuticn? pollution? What rviakes a river polluted? When is a river not 
polluted? What causes pollution and how do you prevent it or 
control it? If not.ey is used to control pollution, how do you 
know voi have besn successful and the money was well spent? 

Tnese are comr*on basic questions that you must answt^r in 
order ro understancr your job and resp(Siisibility . 

Popular concepts cr d-^finitions of pollution are based 
cn hLkTian response- Ou:' five senses of touch, sight, smell, 
.^ouno'. and taste respond individually and collectively to tejll 
IS ab'jut pollution. V;c seo dirty rivers and floating scyflr'on 
]ak;?s.;^. We smell foul odors downstreaJn from where se>w[^ is 
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dumped into our rivers. Vie sae piles of deaa fish along river 
*' banks and lake beaches. Our water tastes fumiy. We see heavy 
smoke coming from cur waste stacks. We see dirt on our buildings. 
We smell pungent odors in the air. We see, smell, taste, and 
feel the general smog that lies over our cities. We hear loud 
noise from jet aircraft and trains and cars and music. We feel 
rundown and unhappy. All of our senses respond as a monitor 
system and say, **this is not the way it used to be," "there is 
pollution here*'. 

But How Do All of the human senses are good monitors of the environ- 

You Measure ment. They are our first line of defense in survival but their 
Pollution? response is subjective. There is no number associated with our 
responsieSi. For examrlo, as we clean up a river, when does it 
become nc:r-polluted? If we depend on the human response system, 
' there would be a variety of answers. Some people would say 
the river vas polluted unless it was absolutely clear, others 
wou'.d not be so restrictive. . Said another way, is our eye a 
good enough instrument to test for pollution or non-pollution? 
Can we put a number on dirtiness with the human eye - a number 
which everyone would agree was correct? Obviously, the eye is 
not a suitable instrument for pollution analysis. It will 
sense gross or heavy pollution, but instruments which indicate 
a reproducible number, an objective response, are needed. All 

our human responses or senses are subjective and will 
indicate only gross pc^llution. 

p 

So we need an instrument or test which gives an objective 
number to pollution. _ 

8ut When Is When do we measure and say, "This is polluted."? When we 

Something see a river, for example, the Colorado River in the Grand Canyon, 
Polluted? and it is carrying a heavy load of silt, do we consider, the river 
as polluted? In this particular example, most of the>s4;lt is 
/ due to natural erosion processes and shows little relation to 
man and his society. A similar problem would be produced, if a 
farmer used too much water with poor soil conservation practice 
and washed heavy silt (for example, the same amount as in the 
Colorado River) into a stream. In both cases assume that the 
concentration or amount of silt per v lume is the same. Are 
both rivers polluted or just the one where man caused the silt? 

In the Southwestern part of the United States, severe 
natural dust storms are r^mraon. The dust reduces visibility 
and settles over everything. A similar problem occurs when a ' 
smoke stack emits a heavy concentration of particles which 
obscures visibility and settles over everythl^^. In both 
cases, as£ame that concentrations in .tV»e amouu^ per volume of 
air are the same. Are botli situations pollution, or is just the 
case involving man considered pollution? 
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In our forest lands we see large areas completely destroyed 
by fire and further on we see large areas clear cut by logging 
companies. Are both- considered land pollution, or just the one 
caused by man? 

In general, we define pollution for those cases where man 
is: involved. In the previous examples, only the river where * 
man caused the silt would be pollution, only the air where man 
caused the dust or smoke would be pollution, and only the land 
where man caused the damage would be pollution. The reason we 
define pollution in this manner is simple. He caused the 
pollution and therefore we Xan correqt it. In the other 
situations, the pollution is a^^atural pollution which we 
cannot control so we do not con3l<j^r it as true pollution i or 
as correctable pollution, 

In our discussion so far, we have decided that pollution 
means damage caused by man which we must measure objectively 
by soqie instrument or test. 

But "How Much" If you select one parameter of pollution, for example silt 

Is Considered from agricultural runoff, how much silt is necessary before you 
Pollution? consider it pollution? Or said conversely, how low a value of 
silt is necessary before you consider the river non-polluted 
with respect to silt? Some people consider the lower limit 
zero. That is,. no silt means no pollution. This is a com- 
mendable level of pollution control, but far from acceptable, 
reasonable, justifiable, or technologically practical to 
achieve. Hopefully, we can approach this level and restore 
our environment to its best quality, but zero levels of 
p6ilution are not possible. 

Old Standards if not zero, then what level should we set as our standard 

and how do we set the level? Standards are always set on 
principals involving Resource use. If a resource, like a 
river, is not used, then it Is all right to pollute it to any 
level. This has been our past policy of resource use. If the 
water is used for agriculfcyre, industry, or cities, then the 
river standards must reflect and protects these uses. If 
industry needs a certain quality water and the available water 
is far below the needed quality, then the water is polluted 
with-respect to that industry's use. In practice, the first 
standards that are set involve human health* Standards for 
drinking water have been in 'use for many years. These standards 
.limit Che. quantities of poisons and pathogen$ In order to 
protect the public he.alth. Here the standard was set on human 
use. From these basic survival standards, water standards 
were set for agriculture and industry. 

New Standards Even with these kinds of standards, our rivers have 

become overloaded with all sorts of waste and now the public 
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has detr.andGd a new standard - an aesthetic standard. The- public 
now demands a return to a natural stream, to a natural air, and 
to a natural land area. This standard goes far beyond the normal 
use criteria of the past and demands a return to a quality, 
environment. The return to a natural system does not mean the 
river or air night not be polluted by nature, but it does mean 
that man's influence wilT be minimal. 

There are other reason^' for protecting our environment. 
V/e have learned in tne last few years that the living system on 
Earth is dynamically interlocked with the land, the air, and 
the water. In the past, man's impact was small enough so if he 
made environmejital mistakes, only small effects were noticed. 
We have nOw arrived at the point where there is enough techno- 
logical potential and mass of people wher£ environmental 
mistakes can prove enormously disastrous. We must protect 
our environment and our resources in order to assure our 
survival. 

An example of ecology is our oxygen -^pply. The oxyg«n 
level in our atmosphere is approximately 21% by volume. When 
the Earth was formed, the -oxygen level was zero. We have gone 
from zero free oxygen to 21% free oxygen over some three or 
four billion years. This oxygen is^supplied to the atmosphere 
by green plants on land and in oceans. If we mismanage some 
of our poisons, it is possible to significantly reduce the 
oxygen-production part of our system. There is nothing sacred* 
about 21% oxygen. Knowledge about the Earth and its living 
systems is showing us that rhere is a significant risk 'of 
survival unless we protect our environment and reduce thfe rate 
of '»-ise of our resources. 

In summary, pollution is generally considered that caused 
by man o-r correctable by man. It must be measured objectively 
by an instrument or test in order to put a number on it. 
Standards for levels of pollution are 3et on values of use. 
These uses have developed to the point where aesthetics and 
ecologic values are considered as the proper standards. This 
le\^l reflects our desire for^'a quality environment and also 
our knowledge that survival depends on our resource stewardship. 

There are hundreds of parameters which indicate the state 
of vthe environment. It is not feasible or necessary to measure 
all of these parameters in order to determine pollution. 
Generally a few selected parameters are measured. These few 
selected parameters are measured frequently and are used as 
indicators of pollution.^ If pollution is indicated, then many 
more parameters are selected for testing in .order to complete 
the picture of the pollution problem. 




In the past, surveillance sys tents have been based on one 
or at best just a minimum number of parameters. For example, 
' for many years the Biochemical Oxygen Demand (BOD) test has 
been used as* the only parameter indicating, river pollution. 
This test measures only one parameter of» the water and must be 
used in conjunction with several other parameters- in order to ^ 
indicate pollution. Parameter selection and evaluation will 
be presented in detail in the specific environment chapters. 

Parameter . • . 

Classification Parameters of the environment are generally classified as 

physical, chemical, and biological parameters. Ichis clas- 
sification is one of convenience. In developing a knowledge 
of the environment, it is important to ke^p in mind that all 
the physical, chemical, and biological systems of nature 
function together and influence each other . You cannot simply^ 
look at the physical system and make statements about the 
environment. All systems must be evaluated. For example, in 
a river the velocity of flow (a physical parameter) can affect 
the chemistry and biolagy of the river. A fast flowing river 
can carry a lot of silt from erosion which can change the 
chemistry of the river. This heavy si^lt load can also. affect 
the biological systems of the river by reducing, plant life apd 
consequently reducing fish life. Selecting parameters from 
all three systems is necessary in order to properly evaluate 
pollution. 



Another example of the interaction of systems concerns 
the air environment. For many years visibility (a physical 
parameter) was used to indicate the state of the atmosphere. 
Visibility is a good parameter for determining aircraft traffic 
procedures but is inconclusive for pollution evaluation.. If 
the visibility is reduced because of rain, there is no pol- 
lution. If the visibility is reduced because of smoke or 
cement dust, then there is pollution. Visibility might indicate 
a reduction in how far you can^see, but what is causing the 
reduction, its chemical and biological effect on materials, 
plants, and animals, must also.be evaluated. A few examples 
of physical, chemical, and biological parameters are presented 
in Table 1-1. • 

But.Wtiy Is Pollution means "too much". It means that man has a'dded 

There so much waste material of one form or another to his environ- 

Pollution? ment that he has changed the bffsic structure of his environment. 
How did we gee into this position? ^ 

Pollution Historically man has always used the rivers and the lakes 

History and the atmosphere and the land as his garbage dump. "Out of 

sight and out of mind" has been our philosophy. Until recently 
this technique of waste disposal has worked satisfactorily^,. In 
effect our wastes were so diluted by injecting them into parsing 




rivers or air masses that no .environmental change was noticed. 
Some textbooks in engineering still reflect this philosophy 
of dilution by including sewage trea\:ment designs which use 
the river as part of the treatment plant. For example, if a 
river has dissolved oxygen, -why not use it to oxidize sewage. 
Unfortunately, most of our rivers do not have any more dilution 
water or treatment capacity, and pollution has degraded our 
rivers far below theii: natural conditions. 



TABLE 1-1 
ENVIRONMENTAL PARAjyIETERS. 



' Physical 

Temperature ^ 

Color 

Odor 

Total Solids 
Wind Speed 
Water Velocity 
Sediment Load 
Particle Size " 
Solar Radiation 
Visibility ♦ 
"Suspended Solids 



Chemical 

pK 

Dissolved Oxygen 

Alkalinity • 

Acidity 

Hardness 

Chromium 

Arsenic 

S ifuf Dioxitie 

Lead 

Mercury 

BOD 

COD ' 
Total CarUtoyi 
Oil and Grease 



Biological 

Coliform Bacteria 

Fecal Bacteria 

Viruses 

Pathogens- 

Algae 

Fish . 

Wildlife 

Waterfowl 

Birds 

Plants 

Man 



Sinks 



Population 



In chemical terras, man was using the rivers and airs and 
oceans and lakes and lands as a sink for w$LSt6. He assumed 
these sinks had infinite capacity for diluting wastes and there- 
fore little treatment was «nece5S'ary prior to dumping. ^ Pol^ 
lution has occurred because we have overloaded the feystem. 
Our infinite sinks only have a limited capacity to absorb our 
waste« . Our sinks are' finite , not infinite . 

The majo'^ reason for this overloading of our environ- ' 
mental systems is population and industrial concentration. In 
midyear 1970, >the population of the United States was-, 
' 205., 395, 000 , people (1-1). The annual population increase 
at that time was 1.^%. Since that time there has been a 
slight downward trend in the rate of increase. Population 
predicti9J:is indicate that in the year 1530 the population 
ought to reach 232,400,000; in 1985, 249^240,000; and in 
1990, 266,319,000. The United States has a land area of 
3,537,000 square miles and a water area of 78,000 square 
miles. If you divide the population (1970) by the land area, 
you get an average density figure of 58 people per square mile. 
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(1-1). Stat-istJcal Abstract of the U.S. Bureau of Census, 

7 , 



} 



This average value is very misleading. Since* about 1920 
there has been a steady increase in the urban population over 
that of the rural population. In 1920 the urban population was 
51.2% of the total or about one^half of our people lived in 
cities and on^half lived in rural areafe. In 1960, 70% of our* 
population lived in the city areas and only 30% liyed in rural 
ureas., la the early 1800' s, only 24 cities had populations 
in excess of 2,500. In 1960 there were 5,400 communities with 
a population (^in excess of 2,500. These 5,400 communities con- 
tain 70% of trtie United States population. From 1900 to 1960 
the populat^n of the United States increased from 75 to 180 
mi^llion people, ^an increase of 105 million people. Of the 
105 million people, 96.6 million were absorbed by our city 
areas, an increase of 92%. These figures Wd comparisons 
show the remartcable change in living style that has- occurred 
in the United States. A better idea of people and their 
concentrations can be seen from the data of Table 1-2. 

TABLE 1-2 

POPULATION FIGURES FOR SOME LARGE U.S. CITIES (1970) 





City 


City Density 


Metro 




Population 


(People/ 


Population 


<city 


(Thousands) 


Sq.Mi.) 


(Thousands) 


Chicago 


3,367 , 


14,774' ■ 


6,9.79 


Dallas 




2,504 


1,556 


Denver 


515 


, 5,060 / 


1,228 


Detroit 


1,511 


iq,827 


4,200 


Houston 


1,233 


i;715 


1,985 


Kansas City 


5&9 


1,603 


1,257 


Los Angeles 


2,816 


6,069 


7,032 


Miami 


335 . 


9,849 


. 1,268 


Milwaukee 


717 


7,431 


• 1,404 


Minneapolis 


434 


7,490 


. 1,814 


Newark 


382 


15,934 . 


1,857 


^New York 


7,896 


24,674 


11,576 


Omaha 


347 


4,45a 


541 ^ 


PhThatteiDhia 


1,949 


15,106 


4,818 


Phoenix , 


582 , 


2,345 


568 


'Pittsburgh 


520 


9,37f 


2,401 ■ 


N?ortland 


383 


4,348 


1,009 


S\. Louis 


622 


10,201 


2,363 


Sa$t Lake 


176 


3,141 


■558 


?an Diego 


697 


2,226 . 


1,358' 


San Francisco 


716 


15,457 


3,110 


Seattle 


531 


• 5,801 


1,422 


Washington, D.C. 


757 


12,066 


2,861 



Table 1-2 shows that population density i.i our largler 
cities ranges from about 1,600 people per square mile upwards to 
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nearly 25,000 people per square mile in New York City. This 
is dramatically different from the average value of 58 people 
per square mile. The significance of these densities is 
reflected in all of our city problems; crime, pollution, racial 
problems, housing, tax base, and(so fdr^th* 

■■ ■• ■ V 

Outer- Inner Because of these high density concentrations, the inner 

Cities city has become less attractive for a living environment. Tha 

suburban or the area surrounding the inner city has become thd 
new development. Table 1-2 shoWs the metro population figures. 
In effect,, the inner city system is presenting a new set .of 
problems for government. The outer cities are usually self^ 
governing and independent of the inner cities. Unfortunately, 
most of the problems which need solutions, including pollution, 
areAarea-wide problems. Cooperation between inner and outer 
citi'es is generally poor." This compounds the problems and 
creates a' \rery complex systepi for pollution co^rol. This is 
especially true in the financing area. -Should suburban areas 
contribute tax money to the inner city? There have been man^ 
approaches used to solve this taxi^ig or money supply problem. 
None seem totally accept^hle at the moment. It seems 
I rea^nable that a new governmental structure - a metropolitan 

government - is the answer. This ^concept ^as met with limited 
success. 

But How Do Historically, the general steps we have gone through in 

You Stop pollution control are as follows: 

Pollution? • . ' 

^1. An awareness of pollution' and its effects by 
professional's in the field, 

2. Art" awareness by the gener^il public of pollution 
through personal experience and information from 
concerned professionals, 

3. «A demand by the general public for improvement of 

their environment, 

t • 4. A reaction of legislatures to these environmental 

concerns ^which resulted in laws, both State and 
Federal, and, 
5. An application of the laws to the problems of 
control. If environmental quality did not 
improve, then new laws were enacted, v 

These new laws set standards, required monitoring and 
surveillance /systems and set enforcement^ procedures . 

, Ambient First attempts at control set standards for ambient 

Standards conditions. That is, standards were set for rivers and for 

air masses. These were the areas where there was pollution 
^ so it was reasoned if we set standards on them that should 

solve the problem. This approach ran into problems. First, 
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in areas where many industries were contributing to the pol- 
lutional load, the ^question was asked, *'Who is to reduce their 
contribution and by how much?". In effect, each industry 
should reduce its load until the sum of all the industries' 
waste would be below the maximum standard. But each industry 
only wanted to do its share. In order to identify* this share, 
industry asked for a complete environmental statement. 

. * # 

A second problem in this approach was the standard itself. 
Here the question was asked, "Do you set the same standard all 
across' the country for ambient conditions?". If. you set all 
standards as equal, then an industry located in a heavily 
, industrialized area would haVe to meet a more restrictive 
standard of discharge than the same industry in a sparsely 
industrialized area. The former is only one of the many 
industries contributing to the pollutional load while the 
latter may be the only industry. Obviously, the latter 
industry was favored by this approach. This approach could 
lead to more decentralized industry and concurrent population 
centers, but. it would be a slow process. Many governors:, who 
were looking for industry £or their states, favored this 
approach. 

Another question on standards came from areas where the 
ambient conditions were all ready above, sometimes significantly 
above, the minimum standards. People in these areas did not 
want their environment degraded to tfhe minimum standards. A 
compromise for this upper level was worked out. This ^allowed 
some degradation but not down to the minimum levels. 'In 
effect then, minimum standards on air and water have been 
set and in areas where the ambient conditions are above the 
minimum, tnore restrictive values or standards have been 
aftplied. These upper value standards were generally based 
on an anti-degradatioh clause. 



This high leve 
favori tlism toward 
Still the pollutix>n 
industries dragged 
control. They were 
and are my neighbor 
order to answer the 
equal justice, new 
the policy of ambie 
goals for standards 
standards . 



1 standard approach reduced some of the 
industry in less concentrated areas, 
problem was not -fully solved. Many 
their feet in expending money for pollution 

still asking, "How much should I reduce 
ing industries doing their share?". In 
se questions- and apply the principle of 
laws were enacted. These new laws restated 
nt standards and they set policies and 
of discharge. -They are called effluent 



Effluent . Effluent standards are standards on the actual quality of 

Standards each kind of discharge. These specific standards are being 
promulgated and approved for each kind of dischar;ge. This 
approach is far-reaching and more equal in application than 
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previous Uws. In this .approach, evervone who discharges a 
wasLo'wili be required to meet a standard. Small 'industries 
with small volumes of waste will have to meet the same standards 
of larger, similar industries. If it is cheaper to treat 
larger volumes, then the larger industries would be favored by 
this approach. However, this is at present our l>est approach * 
to control pollution in an equitable manner. 

Laws and in order to understand the general direction taken by our 

Policy federal government, the beginning statements of our Air Quality 

and Water Pollution Laws are presented. 

CLEAN AIR ACT (1-2) 

Air "TITLE I~AIR POLLirnON PREVENTION • 

Pollution - AND CONTRpL 

"FINDINGS AND PURPOSES 

"SEC. 101. (a) The Congress find^--' 

V 

"(1) that the predominant ' part of the Nation's population 
is JLocated in its rapidly expanding metropolitan and other 
urban areas, which generally cross the boundary lines of local 
jurisdictions and often extend into two or more States; 

"(2) that the growth in the amount and complexity of 
air pollution brought; about by urbanization, industrial 
development, and the ir^^creasing use of motor vehicles, has 
resulted in mount ing- dangers to the public health and 
wel fare ,' including injury to agricultural crops and live- 
stock, damage to and "the c^oterioration of property, and 
hazards •to air and ground transportation; 

"(3) that the prevention and control of air pollution 
at its source is the primary rVisponsibi lity of States and 
local governments, and 

J'(4) that Federal financial assistance and leadership 
is essential f or "^e development of cooperative Federal, 
State, regional, and local programs to prevent and control 
ai,r pollution. 

"(b) The purposes of. this title are — - 



J.-2. Clean Air Act (42 U.S.C. 1857 et seq.)^ includes the Clean 
Air Act of 1963 (P. L. 88-206) and amendments made by the ."Motor 
Vehicle Air Pollution Control Act"— P. L. 89-272 (October '20, 
1965^, the "Clean Air Act Amendment of 1966~P .L . 89-675 
(October 15,"*1966), the "Air Quality Act of 1967"— P. L. 90-148 
(NLvember 21 , 1967j. and the "Clean Air /\niendmpnts oi 1970" — 
P.L. 91-604 — (DecembW 31 , 1970). 
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"(1) to protect and enhaj^ce the quality of the Nation's* 
air resources so as to promote* the public health and welfare . 
and the pro<^uctive capaci^ty of its population; ^ 

- '*(2) to initiate and accelei^ate a national research 
and development program to achievt/^e prevention and contjrol 
of air pollution; ^ * i 

"(3) to provide technical and financial assistance to 
State and local 'governments in connection with the development 
and execution of their air pollution prevention and control / 
programs; and ^ 

"(4) to encourage and assist the development and* * ^ 
operation of regional air pollutfiJn control programs. 

) 

In summary, the following points should be noted. In para^ 
graph 2, Section 101a, health, agriculture, property and 
transportation are mentioned as "use" functions. Welfare is 
also mentioned, .. .Welfare and productive capacity .... is also ^ 
ment^'ioned in paragraph 1 of Section 101b*. This type of 
standard indicates a more restrictive form of standard than 
^ used in trie past." 

,^ ^ 
Another ' important point is contained in paragraph 3 of 
Section 101a. Here it says that the States havG primary 
responsibility for prevention and conr.rol. In order to insure 
uniformity thifoughout the United States-, within general limits, 
, the States have to submit their standards and procedures to 

f< the Federal Government; for approval. 

The Federal Water Pollution Control ^ct has the following 
goals and policy. 

Water "the federal water pollution 

Pollution CONTROL ACT" (1-3) ' ^ 

"title I —RESEARCH AND RELATED PROGRAMS 

"Declaration oi .Goals and Policy 

"SEC. 101, (a) The objective of this Act is to restore 
and maintain the chemical, physical, and biological integrity 
of the Nation's waters. In order to achieve this objective it 
is hereby declared that, consistent with the provisions of this 
Act — 

"(1) it is the national goal that the discharge of 
pollutants into the navigable waters be.eliminated by- 1985; 



1-3. Public Law 92-500, 92nd Congress, October 18, 19/2. 
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"t2) it is the national ^o.il that wherevcK*'^ttai'\able, 



an 



interim goal of water quaiity whiJi provides for the protection .md 
propagation of fish, shellfish, and wildlife, and provides for 
recreation in and on the water be achieved by July 1, J983; 

''(3) it is, the national policy that the discharge of toxic 
pollutants in toxic amounts be prohibited; 

•"(4) i't is the national policy that Federal financial 
assistance be provided lo construct publicly owned waste 
treatment works; - 

'"(5) it is the national policy that areawide waste treatment - 
management planning processes be developed and implemented to 
assure adequate control of sources of pollutants in each State; and 

"(6) it is the national policy that a major 'research and 
demonstration effort be made to develop technology necessary to 
eliminate the discharge of \pollutants into the navigable waters, 
waters of the contiguaus zone, and the oceans. 

Same specific points in this declaration should be 
emphasized. First, thf ob^jective is "....to restore and 
maintain the chemical, physioal, and biological integrity of 
.the Nation's waters....". This integrity is further stated 
in subsections 1, 2, and 3 of Section 101a. The elimination 
of pollution, tiie attainment of a water quality level necessary 
for natural fish production, and the prohibition of toxic 
pollutant discharges are very high standards for our use 
function. These statements go way beyond the usual health, 
property, and agriculture standards to one involving the best 
quality environment pcssil?le. 

Another important point is th'^ wording useu in 1 and 2 
compared with the other subsections. In subsections 1 and 2, 
the word used is "goal'* while the word used in 3 > 4, 5, and 
6 IS ''policy''. A goal is something we hope o reach while a 
policy is r;ore absolute. Even though Congress used the word 
"goal," they expect the results of this law to approach this 
goal very closely. With the amount of money appropriated 
under this law, the public^ has a right to expect results. The 
results will he indicated by monitoring and surveillance 
systems, manned by a professional staff of technicians, a staff 
with the- highest personal integrity toward their responsibility 



But Where Do 
You Measure 
Pol lution? 



In general, monitoring should he done where wastes dis- 
charge into the environment. As pointed out before, monitoring 
of the ambient conditions in nature is also important, but 
primary monitoring and control should be at the point where 
discharges enter the environment. 



Source 



The first way to group ooliutants is with respect to 
source. Two gt-neral types of sources are of concern. 
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The first is called a "point source." The "point source" 
type discharge is defined as a waste discharge entering the 
environinent from a single point,* Examples of this type of 
discharge are many and varied. For example, the smoke from a^ 
power plant is discharged from a stack (point source) into the 
air environment.- An efflueat discharge line from a city sewage 
plant discharges the treated sewaga into the river from a 
single' pipe or outfall channel. A*' car discharges its waste 
from the exhaust pipe (a point source). A. ship discharges its 
waste into the ocean envfronmeut as a point source. 

The second kind of pollution source is the "non-ppi%t * 
'source'! or "general source." This kind of source discha:rges 
pollution into the environment over a 'large area and not from 
a point source* ^here are several examples of this kind of 
source pollution. Agricultural runoff, consisting ^f silt and 
nutrients from fertilizer, may be discharged into a river over 
a wide area. Sometimes this kind of pollution win4s up in a 
canal which discharges as a poirt source into the ri>^, but 
the discharge into the canal could be from a large lana>area. 
Irrigation return flow discharging into a rivet from ground 
water routes is also an example of a general pollution source. 
Dust in-'tiie air from general agricultural practice is also a 
common fom of general source pollution. 

The gener olan for pollution control is directed first 
^oward the point sources. This type of pollution source is 
the easier to control. Monitoring can be done. Effluent 
standards can be set. Regulation and enforcement can belused. 
For fixed point sources, like smoke stacks or sewage effluent 
lines, the approach JLs fairly straight, forward. For some 
point sources, like automobiles, the solution is not an^easy 
one. . . V 



Automobile-- 
Mobile Point 
bource 



Automobiles which contribute significantly to our air 
poilutJon problem are a point source, but they are also a mobile 
or moving point source. This type of problem is much harder to 
control. The present approach is the requirement "of certain 
control devices in the car, or said another way, the attainment 
of cfertain emission standards at the time of manufacture. There 
is still ai question of what happens' after a* period of use. Are 
the standards still being met? Periodic checkups at^ pollution 
control centers, in order to insure proper compliance, seems 
like the proper approach. General pollution sourcfes and mobile 
pollution Sources will remain our biggest challenge in the 
future. 



Kind 



Another way to defim* group pollution sources for 
monitoring purposes is by kind. In this grouping scheme, all 
industry is grouped together, all municipal sources are grouped 
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together, all transportation systems are grouped togctiier, all 
agricultural sources, all raining, and governmental sources are 
grouped together • 

There are several reasons for this tyoe cf grouping. 
First, it separates the sources into groups with different 
approaches to financing the pollution control. Pollution 
control Systems ^ for municipalities are financed by the public, 
either through Federal and State support or local bonding or 
use-taxes. This money is public money. Industry, on the other 
hand, must build its pollution control systems from its own 
funds. These expenditures are obviously passed on to the 
consumer, butdo not originate with the public. In effect, 
the people who use the products of industry pay a pollution 
control tax when they buy the product. 

Parameter A second reason for this type of pollution-source 

definition is pararaeter grouping. In effect, all municipalities 
hav^similar kinds of effluents. The pollution from a city 
contains waste and can be characterized by parameters such 
as BOg (Biochemical Oxygen Demand), bacterial counts, suspended 
solids, etc. Some cities may have unique problems which pro- 
duct unique pol^ution^ but in general, most cities have 
similar type effluents. Industry can also be subdivided 
into groups with simrlar discharges. For" example, the waste 
water effluent from one oil refinery is similar to most other 
oil refineries. The stack emissions from a cement plant are 
b milar to other cement plants if they use the same manufacturing 
process. The emission^ from sulfuric acid plants are similar. 
.::e emissions and effluent from power plants, using the same 
kind of fuel source, are similar. The emissions from trans- 
portation systems are generally the same. All cars emit 
similar pollution. Other pollution groupings of governmental 
sources, agriculture, or raining, give similar results.^ 

This kind of grouping gives the pollution monitor an idea 
of what to expect and what kind of controls and efficiency are 
necessary to meet effluent standards. Examples of these kinds 
of pollution will be given in the specific environmental 
chapters . 

Media A third way of grouping pollutants for monitoring purposes 

is by, media. Is the pollutant discharged into the water 
medium, air medium, or on the land medium? Most^of our laws 
are structured to prevent water pollution, tcf'ptevent air 
pollution, or to prevent land pollution. This has been 
convenient <'ot separating our problems, but our environment 
works as a unit-. Pollutants which are discharged into the 
water can .atfect trie other media of air and land, and vice 
versa. Monitoring can measure pollutants or environmental 
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parameters in the individuaJ niedia, but suTveiilance systems, 
or the broad ovei^all view, oust consider the entire environ- 
ment, and interaction's within it. 

President Nixon, in a raessage to Congress, indicated 
"....for pollution control purposes the environment must be 
perceived as a single, interreiated system. An effective 
approach to pollution control would: 

— Identify pollutants 

— Trace them through the entire ecological chain, 
observing and recording changes in form as thay 
occur. 

— Det-ermine the total exposure of man and his 
onvlronment . 

— Examine interactions among forms of pollution. 

— Identify where in the ecological chain interdictiori 
would be most appropriate." 

Monitoring in summary , there are six basic reasons or objective? for 

Objectives monitoring our environment. ^ ^ 

1. Characterization of Existing Conditions 

Background surveys of existing conditions will 
furnish two kinds of data. First, natural background 
values must be established. These values will furnish 
the basic data for setting zero pollution levels. 
Since most parameters vary according to the seasdns, 
data must be collected in non-polluted areas over long 
periods of time for proper evaluation. The Htcond 
kind of data would indicate the present state of 
pollution levels. It is important in pollution control 
W'iik to know: where we are now and how much we have 
to improve; In order to meet quality standards. 

2 . Identification of Trends 

Trend information is essential In evaluating the 
pollution control program. This information will 
indicate whether control activities are lowering 
pollution values or if new, more restrictive -programs 
must be started in order to meet quality standards. 
Enough data, of suffi::ient accuracy, must be collected 
for proper evaluation of trends. 

> 

3 . Evaluation of ^Standard Compliance 

^vAf ter quality standards have been set for effluents 

or emissions, it is most in:oortant to monitor these 
] 
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discharges in order to assure compliance with the 
standards. The data collected In monitoring for 
compliance evaluation must be of the best accuracy 
possible. Some of these data vlll^ be used In 
enforcement and violation proceedings. There must 
be no question with regard to the validity of the 
data. 

> 

4. Emergency Conditions " ' 
Monitoring systems must provide a warning of 

emergency conditions* These conditions can Invol/e 
direct health-related problems. For example, in 
many cities, air pollution alert systems are in 
effect. If the cumulative effects of pollution 
emissions reach health hazard levels, then various 
sources of pollution are restricted in operation. 
Hopefully, emission or effluent standards can prevent 
this level of problem as a general rule, but various ' 
accidental situations can occur causing immediate 
problems. Accidental spills of toxic material into 
a river is another example. Monitoring systems must 
sense and report these kinds of problems. 

5. Environmental Quality Forecasting / 
In recent years, m^ny mathematical approaches / 

have been developed to forecast problems in the / 
environment • These mathematical programs are solved 
^ using computers. This informational approach is 

called "modeling" or "systems analysis." This approach 
uses mathematical equations to describe nature. The 
constants used in these equations require environ- 
mental data for evaluation; thus monitoring supplies 
the basic data necessary for proper mathematical 
modeling. 

6. Research 

There is a considerable amount of basic knowledge 
«about the environment that we do not know.* Research 
methods are being developed to analyze the environment 
as a whole. Past research has developed around single 
media, like air or water and then only in chemical 
as^^ects or biolog^^cal aspects, or hydraulic flow 
problems or quantity deirands and so forth. The 
mathematical niodeling approach has Indicated how 
little we know about our environment in individual 
ways as well as* in combined ways. 

Synergism We are using new words- in environmental research - synergism 

or synergir*ric effects. Synergism is a combined or cooperative 
effect of several systems. Each system adds to the total system 
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but the total effect is more than the sum of the parts. This 
is true of .smog formation and eutrophlcationt In each case 
the compounds leading to the total problem do not create a 
serious problem by themselves, but their combined effect Is 
serious. The opposite situation Is also possible. This Is 
called an antagonistic effect. Here each system adds to the 
total, but the total effect Is less than the sum of the parts^ 

Since we live in a dynamic world where all pracesses are 
Interlocked and Interdependent, our research must reflect this 
dependence. The characterization of specific pollutants, their 
movement and effect on ovf environment in conjunction with 
their synergestic and Antagonistic effects .t6 essential 
knowledge. Much of this information will be gained from 
' monitoring and surveillance systems. 
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obieiTiS : 



1. Plot population and population density graphs for 
the last hundred years for several large cities and 
metropolitan areas. 

2. Visit a populated area and identify all the 
pollution problems. Visit the water treatment, waste 
water treatment, and garba^ plants. 

3'. Walk along a river as/it passes through a city. 
Locate point sources of prollution and identify 
possible sources for the pollution. J 

4. Collect samples of a river above and below 
agriculture, industrial, and municipal areas. Does 
the river quality appear to be. changed? 

*5. Collect, samples^ of natural plant life in the 
city and in the adjoining countryside. Is there a 
difference in kind and amount of plant life? 

6. Where would you place monitoring stations to 
indicate pollution in the city and adjoining areas? 

7. Who is responsible for pollution? 

8. What do you consider the best way to arrange a 
city? Where should people live, work, and play? 
Sketch a gener^al model of the city. 

9. Should growth and population density be 
controlled? 

10. Who should pay for pollution control? 
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Additional Reading: 



Man's Impact on Environment 
Thomas R. Detwyler 
McGraw-Hill Book Company 

Metropolis in Crisis 

edited by Jeffrey K. Hadden 
Louis H. Masotti 
Calvin J. Larson 

F.E. Peacock Publishers 
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MONITORING AND SURVEILLANCE SYSTEMS 4 



There is no limit to the demands for more and mope 
environmental data. Some scientists profess that we should 
measure everything ~ everywhere ~ always. This is, - The 
Ultimate goal in monitoring. Supposedly with this infinite 
amount of data we could completely understand nature,' we could 
predict or forecast everything, and life would contain no sur^ 
prises. This ultimate approach is not rpossible or practical. 
We could not possibly handle, evaluate, or use the mountains of V 
data and secondly we could not afford such a nro^ram. Moni* 
toring programs must be functional and usable The data. must be 
accup^te, pertinent, concise, and collected for a purpose. 
*^ 

Fortunately, many organizations have been collecting data 
on several environmental parameters for many years. Much of. 
this data is directly usable in pollution control work. Dup- 
lication of , this data by new monitoring systems. is unnecessary. 

«i 

Many governmental agencies with various missions monitor 
environmental parameters. The National Weather Service 
monitors and forecasts weather patterns. This information 
is directly usable in our air pollution programs. The United 
States Geological Survey (U.S.G.S.) monitors the quantity and 
general 'quality of water in our rivers. /-The Atomic Energy 
Commission monitors radioactivity aroun<r their plants, and 
reactors. y Several state groups monitoik the environment also. 
In order to introduce the variety and kinds of information 
presently available, a summary of some of this data and the 
collecting organizations ' mission is presented. Governmental 
departments and agencies summarized in this chapter are: 

The United States Department of Agriculture 
Soil Conservation Service 

2. ^he United States Department of Commerce 

National Oceanic and Atmospheric Administration (NCAA) 

3. The United States Department of Defense 

Defense Supply Agency 

Army 

Navy 

Air Force 

4. The United States -Department of Interior 

The Fish and Wildlife Service 

The United States Geological Survey (USGS) 

5. The Atomic Energy Commission (AEC) 

6. The United States Environmental Protection' Agency (EPA) 

7. State Monitoring Programs 

Ohio Department of Natural Resources 
'Ohio River Valley Wat^r Sanitation Commission (ORSANCO) 
New York State Dept. of Environmental Conservation (ENCON) 



1. The United ' .The United States Department of Agriculture has several 
States sections and programs related to the environment and pollution 

Department of controls The most Important of these is the Soil Conservation 

Agriculture service (scs) , ^ 

"The mission of the Soil Conservation Service Is to 
assist l»n the conservation, development, and productive 
use of the nation's soir, water and related resources 
so that all Americans may enjoy: 

— Quality in the natural resource base for sustained use, 

! 

— Quality in the environment to provide attractive, 
convenient, and satisfying places to live, work, and 
play, v / , 

— Quality in the standard of living based on tommunity 
improvement and adequate incomfe^," (2-1) ^ 

In order to meet the needs of the United States, the Soil 
Conservation Service has initiated a Frapework Plan - Soil and 
Water Conservation for a Better America, This plan has several 
new and ^phasized programs which reflect the growing awareness 
of pollution control and environmental r nitorlng. 



Some of these 'areas of emphasis are: 

Developing an improved system that uses benchmark 
standards for quantity and quality for monitoring 
natural resource conditions and the environment, 

Fint^fngNiew approaches for treating difficult and 
persistent erosion and sediment problems. 

Making pollution prevention and abatement 3n integral 
part of the conservation program, 

> Providing technical assistance in waste management 

Supporting programs that lead to a better distribution 
of the nation*s population. 

Helping to develop a stream classification system and 
standards for stream management. 

Assisting state and local governments with legislation, 
ordinances, regulations, and other planning criteria 
that lead to prudent land use and treatment. 



(2-1). Kenneth E. Grant, Administrator, U.S. Soil Conservation 
Service, Framework Plan. 

/ 
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Working more Intensively with state and local governments 
on conservation' plans , projects, and measures in rural anJ 
urban areas. 

Helping to improve national and state land use policies. 

Improvj.ng soil and water conservation technology by encouraging 
needed research and development. 

Encouraging states to enact water use laws that lead tojmore 
efficient .water use. / 

Encouraging preservation of are^s with unique characterisuics 
for agriculture, recreation, wildlife use, and historical sites. 

Seeking new approaches to programs that lead to the development ^ 
improvement, and protection of pxivately owned wetlands and 
coas'tal marshes. 

Helping communities develop and implement plans for the manage- 
ment and protection of lands subject to flooding. 



Relating conservation programs to the needs of people ^for a 

better environment, community improvement, and economi^ opportilhity . r 

Developing a system for rapid storage and retrieval of .resource 
data. 

Erosion. Erosion of land due to wind and surface runoff is a very 

serious continuing problem in the United States. This erosion 
^ reduces the available top soil necessary fcr good agricultural 
production and produces a sediment load Xn our rivers and air 
which is unacceptable*. In addition to sediment from farm and 
ranch land, othet sources are construction sites, surface 
strip mines, roads, and semi-desert areas. Under the Framework 
Plan, a national effort is underway to reduce this soil 
erosion. 

Se<liipent Sediment monitoring systems are under development by the 

Soil Conservation Service. These .systems will evaluate 
sediment-yield as a function of land and use, sediment density, 
and density changes. The studies will also monitor changes 
in water quality in reservoirs and lakes due to sediment. 
Changes in stream channels and flow hydraulics will also be 
monitored. 

Animal Waste A second major pollution problem being monitored by the 

Soil Conservation Service is animal waste. Livestock 
production methods now concentrate the animals in small land 
areas called feed lots just prior to sale. The concentrated 
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waste products from these operations are enormous/ Surface 
and ground waters may be polluted by these operations. 

Salinity A third pollution area of concern to the Soil Conservation 

Service Is the Increased salt , concentrations In Irrigation 
return flows. These are particularly significant in arid 
regions. High salt concentrations in irrigation water damage 
growing crops and may permanently damage the soil. Proper 
water management should reduce this pollution. 

Interpretation Under this Framework Plan, an expanded emphasis has been 
placed on surveying and monitoring 'activities . A Soil Survey 
Interpretation system is presently being made by District 
Offices -of the Soil Conservation Service. This soil survey 
will use physical and chemical soil tests to key various 
kinds of soils to possible use. These groups include: 

a. Sanitary Facilities 

1. Septic tank adsorption fields 

2. Sewage lagoons ^ 

3. Solitary landfill (trench) 

4. Sanitary landfill (area) 

5. Daily cover for landfill 



b. Community Development 

1. Shallow excavations 

2. Dwelling sites - ■ \ 

3. Commercial buildings \ 

4. Roads and streets 

c. Source Material 

1. Roadfill 

2. Sani 

3. Grayel 

A. Top sofl % 



d. Water Management < 

1. Pond reservoir area . 

2. Embankn^nts, dike, and levees 

3. Excavated sands 

4 . Drainage 

5. Irrigation 

6. Terraces and diversions 

7. Grassed waterways 

After the Soil Survey~*«mfl possible use functions have been 
completed, the Ir formation will be r^iewed and coded for 
computer use at iowa State University in Ames, Iowa. 
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C1a;5Sifi cation Jhe second step in this land use program is the Soil 

Classification Survey by counties' areas. County soil surveys 
are a continuing program of the Soil Conservation Service. 
This program identifies and publishes a complete soil clas- 
sification of the counties. By using the Survey Interpretation 
system at Ames, a tie between kind of soil and possible use 
can easily be made. This kind of surveying and monitoring 
activity will greatly aid land planning activities and 
pollution control work by showing what land is usable for 
^ various needs and predicting changes in water quality from 

that use. 



The Uni ted States The United states department of Commerce has two monitoring 
Department of and data programs which are significant for those in pollution 
Comnierce control worlc. These programs involve the atmosphere and the 

oceans and are coordinated by the National Oceanic and 
' ' Atmospheric Admiaiskration (NOAA) . NOAA was created in 1970 

within the United States Department of Commerce "to improve 

man's comprehension and uses of the physical environm/fent and 

its oceanic life." 

a. Objectives of NOAA are: 

1. To explore, map, and chart the global oceans, 
their underlying geological structure, and their 
mineral and living resources. This knowledge can 
be used in the management and conservation of these 
biological and mineral resources, 

2. To monitor the characteristics of the physical 
environment including the atmosphere, the oceans, 
the sun, the solid earth, gravity, and geomagnetism 
and to predict changes in these characteristics. 

3. To monitor and predict trends and gradual changes 
in climate, tides, m.nrine life distributions and th^ 
effects of human civilization on the environment aj/id 
oceanic life. 

To achieve these objectives, NOAA has regrouped and 
reshaped several existing units into seven new sections. 

b. Organi2^tional Sections of NOAA 

1. The N ational Ocean Survey (2-2) brings* together the activities 
of' the ESSA, Coast and Geodetic Survey, U.S. Lake Survey, National 



(2-2) Communication from National Oceanic and Atmospheric 
Administ,ration - United States Department of Commerce. 



Data Buoy Development Project, and the National Oceanographic 
Instrumentation Center, it prepares nautical and aeronautical 
charts, conducts precise geodetic, oceanographic, and marine 
geophysical surveys; and predicts tides and currents. It 
prepares and publishes navigational charts and related 
materials for the Great Lakes, and conducts investigations 
of the physical aspects of the lake waters. It is re^sponsible 
for the developm^irt of a n;^fional system of automatic ocean 
buoys for obtaining essentially continuous marine environmental 
data. It also provides the national focal point for technology 
related to instrument measurement, evaluation, and the • 
reliability of sensing systems for'ocean use. 

The National Ocean Survey provides important information 
to those in pollution control work. Data charts on currents and 
tides along our coastlines and in the Great Lakes pl?ovide 
information for computation and calculation of pollution mixing 
zones, and dilution and dispersion patterns. In our many 
estuaries (where fresh water rivers meet the oceans) the 
changing pattern of tides and currents can greatly increase M 
the ''pollution problem. This is ^ue to stratification of the 
waters because of varying densities. /Stratification problems 
also occut' in lakes and will be discussed in the chapters on 
the Water Environment. 

I, The National Marine Fisheries Service is composed of the 

Bureau of Commercial Fisheries and Marine Game Fish Tlesearch 

Program. It seeks to discover, describe, develop, and conserve 

the living resources of the global sea, especially as these 

affect the American economy and diet. The Fisheries Service 

conducts biological research on economically important species, 

analyzes economic aspects ot fisheries operations and rates, 

develops metu^^Jb for improving catches and, in cooperation 

with the U.S. Department of State, is active in international 

fisheries affairs. With the U.S. Coast Guard, the National 

Marine Fisheries Service conducts enforcement and surveillancs 

operations on the high seas and in territorial waters. It 

a^Q studies game fish behavior and resources, seeks to ' 

describe the ecological relationships between game fish and 

other marine and estuarine organisms, and investigates the 

effects on game fish of thermal and chemical pollution. 

The National, Marine Fisheries Service is a primary source 
of information on pollution in our oceans and estuaries. They 
also monitor levels of heavy metals In fishes and cooperate 
by contract with the Environmental Protection Agency in 
monitoring pesticides in estuaries. 

Marine A new program of monitoring was started in July 1972. This 

Monitoring program called MARMAP - Marine Resources Monitoring Assessment 
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and Prcrdlct ion - will se^k to evaluate all living marine resources 
off United States waters. Progressively wider ocean areas will 
be surveyed in later cruises. The mission of this program is 
**to explore in the most extensive detail in history samples of 
the counties^ fish eggs and larvae ( ichthyoplankton) strevn 
through the seas in profusion - mostly to nourish other live 
forms, a few to survive and renew seed stocks for future 
generations." (2-3) Follution as it affects sea life, 
ecological degradation of the seas, and unpredictable 
fluctuations in marine stocks are primary goals for this 
project. » 

Another important part of this project is the development 
of H standard, a common standard, which can be used to relate 
r,il iuture changes in water quality and ocfean life. This 
baseline standard will incl^ide information from MARMAP and all 
other organizations involved in ocean monitoring, including 
several international organizations and almost a dozen univer- 
sities. The information will be organized, standardized, and 
converted into usable presentations. 



Measurements of physical, chemical, and Jpiological parame- 
ters will be made concurrently during this project. Weather 
dati and ocean currents will also be monitored. 

Information As with all monitoring systems, information will be 

operational as well as historical. Ihe data will be released 
under four kinds of reports (2-3). 

1. Red Flag Reports - to provide immediate notice of real 
or incipient damage to marine resources because of 
overfishing and changes in the marine environment or 
in the composition of fishing stocks caused by 
natural or manmade pollution. 

2. Summary Reconinendat ions - to provide the scientific 
information in support of the need for legislation or 
regulations related to protection ^or use) of living 
marine resources or for pollution control. 

3. Scacus of Re«!ources Reports - to include facts about 
various prevailing conditions to disseminate maps 
and fact sheets, summaries, and forecasts. 

4. Real Time Output to circulate material describing 
distribution and abundance of various marine ^{H^cies 
catch data, statistics , analytical documents, anJ"^^ 
fishery advisory bulletins. ! 

(2-3). KARMAP - Census of the Sea, Ann Weeks, NOAA - U.S. 
Department of Commerce, October, 1972. 
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The first report - MARMAP Red Flag Report No. 1 - was 
released by the U,S. Departihent of Commerce on January 18, 1973. 
This report entitled "Fish Larvae Found in Environment Contam- 
inated with Oil and Plastic" indicates that oil and plastic 
pollution is Widespread in the northwest Atlantic Ocean. Tar 
clumps, not visible from the ship, were concentrated by the 
fine mesh collection nets. Heaviest concentrations werfe found 
in the western boundary region of the Sargasso Sea, off northern 
Florida, and southern New England. These t*ar balls ranged from 
grain size to fist size and appear to have been formed from 
bunker oil jettisoned from ships'. Laboratory analysis has 
shown thdt more than half of the plankton samples (young fish 
and their food) collected^ere oil contaminated . 

Plastic contaminaN;s w^ye al^ found in all survey regions. 
The plastic scraps were v*trre or opaque spheres or discs, speck 
to pea-sized and were identified as polystyrene. There is a 
possibility that these particles may threaten the surviva' of • 
che varied small fish which consume them. 

This study introduces the importar^ce of environmental 
monitoring and the scale of our global pollution. Figure 2-1 
and 2-2 show results of the initial phase of this program (2-4) . 

3. The N ational Weather Service' , formerly the EbSA Weather 
Bureau, reports the weather of the United States and 
possessions, provides weather forecasts to the general 
public, issues warnings against tornadoes,- hurricanes, 
floods, and other atmospheric and hydrologio hazards , 
and provides a broad array of special services to aero- 
nautical, maritime, astronautlc, agricultural, ana other 
weather-sensitive activities. These services are supported 
by a national network of observing and forecasting stations, 
coijmiunications links, aircraft, satellite systems, and 
computers. Some 300 NWS offices across the land ensure 
prompt and useful dissemination of weather information. 

The National Weather Service is a vast operating section, 
employing some 5,300 ^ull-tinie employees at over 400 sites 
throughout the world (2-5). Several of their monitoring and 
data collectior systems are directly related to pollution 
and pollut^ion control activities. 



Red Flag 
Report No. 1 



(2-4):, News Release NOAA 73-17. February 13, 1973. U.S. 
Department qf Commerce. 

(2-5). Operations of the National Weather Service, October 
1972. 
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FIGURE 2-1 TAR CONCENTRATIONS 



Forecasting . 



Severe 
Weather 



Forecasting: One of the primary functions of the/ Weather 
Service is forecasting or predicting weather. Forecasts, based 
on numerical and manual techniques, are made at the State Fore- 
cast Offices (Figure 2-3). These forecasts are distributed 
throughout tKe United States by a long-line teletypcwiter 
system (Figure 2-4) . This data distribution system/is called 
the "meteorological network" or the "Sgxvlce^ C Teletypewriter 
Network." This data furnishes the pjirolic wit^h^aiy overall 
picture of the general weather conations expected over a 
large area for about 48 hours. Pi;edlctions or forecasts 
fron short periods (12 hours up t6 30 days) are available. 
These reports give valuable infortnation on air flow patterns 
and precipitation regions. 

In addition to daily forecasts, two important severe . 
weather forecasts are made by the Weather Service. The first, 
the Severe L^cal Storms Uni t (SELS) , is responsible for pre- 
paring and releasing information on expected severe local 
storms. The second, the Hurricane Warning Offices (HWO) , 
warns the public along U.S. Coastal areas of unusually high 
water due to tides and waves caused by severe weather. Severe 
storms may cause severe pollution by damaging holding ponds 
and tanks and thereby releasing pollutants to streams. 
Municipal and industrial waste treatment plants can become 
damaged, overloaded and flooded by storms, causing temporary 
pollution problems. 



River Forecast 
Center 



Another' valuable forecast service is provided by the 
River Forecast Center (RFC^ . This unit, staffed by profes- 
sional hydrologists , prepares short-term (1-5 days) thrgugh 
30-day forecasts and long-term seasonal water supply fore- 
casts. The unit analyzes precipitation and weather patterns 
and predicts the amount of water which should occur in various 
river reaches. This kind of prediction is called "streamflow 
forecasting." This kind of data will aid in plaining, 
management, and pollution control of the total water resource. 



Environmental Another valuable forecast service is provided by the 

Quality Environmental Quality Weatuer Service , This service provides 

special urban and rural veather observations, forecSists, and 
-advisories on aspects of air pollution, wildfires, and 
prescribes agricultural burning operations. This service 
is divided inio two programs. 

a. Urban Air Pollution Weather Services. This' service 
forecasts periods when atmospheric stagnation will occur. 
Atrrospheric stagnation, where the ability of the air to trans- 
port and diluce pollutants io seriously reduced, may c^use 
sc!7<*re pollution problems requiring curtailment of industry, 
outomobiic traffic, and general activity. The'ie advisories 



Urban Air 
Pollution 
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are directly related to the health and well-being of the 
populace. Figurfe 2-5 shows advisory areas. 



Fire Forecast b. The Fire Weather Forecast and Warning Service. This 

servict^ provides advisories on forest fire potentials and 
provides weather information for smoke management programs. 
Forecasts are issued to help determine when agricultural or 
forest "debris can be burned without degrading local air 

« ' pollution standards. Figure 2-6 indicates those weather 

offices involved in fire weathex;^programs . 

EflVironmental Another important monitoring system is provided by the , 

Monitoring National Weather Service. 

Environmental Monitoring Prosrafli . This program is a cooperative 
effort with the Environmental Protection Agency, Defense Civil 
Preparedness Agency, and the Atomic Energy Commission. This 
system* provides data on: 

^* Solar Radiation - the amount and distribution of solar 
radiation reaching the earth's surface is measured, 

b. Atmospheric Turbidity and Precipitation Sampling - the 
amount and kind of material in the atmosphere and in 
precipitation saniples is measured. 

c. Ion Exchange Materials - radioactive materials from 
the atmosphere (fallout) are measured. 

d. Ozone - ozone concentrations are measured at six 
National Weather Service offices. 

All of these programs give long-term trends in the atmos- 
phere and indicate man's influence on the various parameters. 

4. The Enviroiimental Data Service combines the ESSA Environ- 
mental Data Service and the National Oceanogr aphic Data Center. 
It acquires, processes, and disseminates environmental data 
collected by government agencies and private institutions, 
and develops improved methods of processing and presentation, 
EDS operates the national data centers foL g^.odetic, geomagnetic, 
seismological, meteorological, 5eronomic, and oceanographic data, 
and, provides administrative support f^ the corresponding World 
Data Centers A, which receives data from cooperative investigations 
and other intcrnationax 'sources. 

Data This service provides the data bank for^the various 

services of NOAA. Each seirvice has its own data center with 
presentations, programs, and storage systems directly related 
to the use and mission of che service. 
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There are three other sections in the NOAA organization. 
These sections have less direct impact orf^pcllution work but 
are presented for informational purposes. 



5. The National Environmental Satellite Service , formerly the 
National Environmental Satellite Center of ESSA, operates the 
national weather and environmental satellite systems. It ^ 
develops new techniques for the acquisition of environmental 
data and the application of such data to atmospheric, solar,, 
oceanographic , and other geophysical problems. 

6. The Environmental Research Laboratories , from ESSA, c^duct 
the fundamental investigation needed to improve man's under- 
standing of the physical environment. Its programs include 
investigations of ocean processes and their interactions with 
earthqu'akes and tsunamis (this branch of NOAA operates the 
Pacific seismic sea wave warning system); geomagnetism; severe 
local storms and hurricanes; weather modif ication ; and the 
environmental effects of global pollution. The Laboratories 
also are concerned with the development of marine minerals 
technology with emphasis on the assessment of the environ- 
mental impact of system^^r^ich disturb the ocean bottom. 

7. The Office of Se^a Grant administers and directs the National 
Sea Grant Program. This program provides support for insti- 
tutions engaged in comprehensive marine research, education, 

and advisory service programs, supports individual projects in 
marine research and development, and sponsors education of 
ocean scientists and ^yj^j neers , marine technicians, and other 
specialists at sel^|K^lleges and universities. 



3. The United The United States Department of Defense has consolidated 

States all environmental quality activities under the Assistant 

Department Secretary of Defense (Health and Environment) . 
Of Defense 

a. Environmental Policy (2-6) 
It is the £ojicv of the Department of Defense that: 

1. Pollution of thf^ environment by the installations, 
facilities, equipment, vehicles, and other property 
owned and/or operated by the DoD shall be controlled. 

2. All Department of Defense components will demonstrate 
leadership in pollution abatement and will cooperate in 
the development of pollution abatement programs with local 
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(2-6). Environmental Quality Program, Department of Defense 
(1972). 
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communities. Defense components will take positive action 
to accelerate the pace of corrective measures to conform to 
environmental quality standards. 
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3. Where resources to accomplish pollution control* are 
limited, priority of effort will be afforded in accordance 
with the following order: (l) those situations which 
constitute a direct hazard to the health of man; (2) those 
having economic implications; and (3) those which affect 

the recreational and esthetic value of our natural resources, 

4. Maximum effort will be made to incorporate environmental 
pollution pre^^entive measures in t' e basic design for weapon 
systems, military material, tests and exercises and projects 
for rehabilitation or modific4tion of existing structures and 
new construction. 

5. Department of Defense components will cooperate fully with 
the Environmental Protection Agency and other Federal agencies, 
and will comply with such published standards and criteria^ 
relating to pollution abatement for Federal agencies as are 
promulgated by those agencies or by Si^te and local agencies, 

6. Environmental pollution burveillance resources of each DoD 
component will be utilized to the extent that circumstances 
permit in interservice support of other DoD components. 

7. The use of municipal or regional waste collection or 
disposal systems shall be the preferred method of disposal 
of liquid and solid wastes from DoD activities. 

8. Pollution abatement at overseas installations will, to the 
extent practicable, conform to the foregoing policies 
particularly with respect to cooperation with community 
programs. 

In carrying out the environmental policies of the Department 
« of Defense, fou^ agencies or departments have formed special 

groups to deal with environmental matters. 

b . Program Units 

Defense Supply l. Defense Supply Agency (DSA) . The Environmental 

Agency Quality Program of this agency Is administered by the 

Environmental Protection office within the office 
of the Director, Installations and Service, Field 
Support Division. The program involves air pollution, 
water pollution, land pollution, noise pollution, 
solid waste* toxic and hazardous , materials and 
research and development activities. Primarily 
this program insures that facilities of the Defense 
Supply Agency meet a'^ local and federal pollution 
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Military 
Activities 



Research 



standards Air pollution emissions originating at 
their facilities are monitored by the U.S. Army 
Environmental Hygiene Agency. 

2. Department of the Agyy . The Department of the 
Army has two environmental organizations grouped 
under Military Activities and Civil Works. 

a. Military Activities > The Deputy Chief of 
Staff for Logistics has primary responsibility 
for coordination of environmental preservation 
and improvement •activi.ties within the Army. To 
meet this responsibility, an Environmental Office 
was established in early 1971. This office has 
general responsibility for air pollution, water 
pollution, land management including soil and 
water conservation, herbicides and pesticides, 
noise pollution, thermal pollution, radiation 
pollution, solid waste, and toxic and hazardous 
materials. These responsibilities are primarily 
concerned with Army facilities and operations. 

The Environmental Office also maintains a Research 
Program for Pollution Control. New monitoring 
method$/and technology for measuring water, air, 
soil, and n.^ise pollution associated with military 
activities^ are being developed. This program is 
also developing advanced waste treatment tech- 
nology for its wastes, non-polluuing substitutes 
for heavy metals, and new disposal systems for 
pesticides. 



Civil Works b. civil Works . The Corps of Engineers Ciyil 

Works program has responsibility for flood 
prevention, navigation, beach preservation , 
protection from hurricanes and other marine 
Storms, and regulatory management of the nation's 
waterways. The regulatory projgram was broadened 
by the National Environment- Act fco-^increase the 
author Ly .under Section 13 of the River arlxi 
H^arbor Act of March 3, 1899, to include discharge 
of pollutants into the navigable waters of the 
United States of their tributaries. Permits for 
discharge were required under this authority. 
This authority and permit system has been 
replaced by Public Law 92-500 and transferred 
to the Environmental Protection Agency. 

Water Programs The Civil Works Directorate has capability for air 

pollution control and emission testing. This capability is 
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is somewhat limited in scope and activity* The w<iter rograms 
are the primary responsibilities of the Corps of Engi .rs. 
These programs inciude: 

Data 1. Collection and Study of Basic Data . The Corps of ' 

Collection Engineers builds many structures for controlling floods, 

maintaining navigable waterways, and preserving beaches. 
These structures have definite impact on the environment. 
In order to monitor th^s impact, several parameters, 
including physical, chemical, geological, and biological 
variables are measured at specified river stations, 
reservoirs, lakes, estuaries and coastal waters. This 
impact data will enable researchers to predict environ- 
mental changes which will occur from new projects. 

Aeration 2. Mechanical Aeration of Lakes . Large lakes have a 

tendency to stratify* This stratification leadji^fto a 
reduction in water quality and thereby usefulness. In 
order to improve water quality, the Corps is investigating 
the use of under-water air diffusion technology. 
Monitoring and diffusion testing is continuing in this 
area. 

Nitrogen 3. Nitrogen Supersaturation . The overflow discharge from 

dams has caused water quality changes in downstream areas. 
Nitrogen gas from air is dissolved into the water under 
^ high pressute. This excess nitrogen ga^ (supersaturation) 
is absorbed by fish. When the fish move to lower pressure 
areas, the dissolved gas comtj back out of solution as a 
gas and fonhs 'small bubbles in the circulatory system of 
the fish. This condition occurs annually in the Columbia 
and Lower Snake Ri-vers and is being monitored by the'Cprps. 

Sediment 4. Sedimentation and Dredging Operations ." All rivers 

carry sediment or silt. In areas where the water velocity 
is reduced, this material sediments out and reduces the 
^ flow area- of the river. The Corps is responsible for 

assuring that channels remain open for navigation. In 
order to keep channels open, dredging operations are 
carried out. This dredging operation produces a large 
volume of spoil or waste material which creates a disposal 
problem and increases" water pollutjLon temporarily during 
the dredging operation. 

Sediment is a major probjklim in most of our rivers. This 
sediment not only clogs channels but reduces .the effective 
size of our reservoirs. It reduces aquatic plant and 
animal Hfe, increases costs for water use and reduces 
the amount of top soil useful for agriculture . Sediment 
studies are being carried out at St.. Anthony Falls 
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Laboratory of the University of Minnesota. These studies, 
include collection of suspended and bed load data, 
degradation data, aggradation and delta formation, 
investigations of sediment transport, and development 
of new sediment sampling equipment. 

5. Aquatic Plant Control Program . Infestations of 
obnoxious aquatic plants are found along our southern 
co^ts. The Corps of Engineers has a research program 
to c^trol these p]ants because of their impact on com- 
mercial ship operations. Three methods of control are 
being tested and monitored. 

a. Biological - this program evaluates the use of 
plant insects and pathogens and herbivorous fisn 
lor control of heavy plant growth. Herbivorous fish 

em to be an excellent means for control. 

b. Mechanical - this program is testing the use of 
laser energy for eradicating aquatic plants. Some 
success is noted in the results. A second approach 
is using the plant life as a food source. This 
program is under development. 

c. Chemical Control - this control program uses 
herbicides to reduce plant life. Monitoring is 
carried on to indicate what kinds of herbicides 
produce the desired control and do not damage the 
general ecosystem . 

Thermal Effects 6. Thermal Effects . The Civil Works study of thermal 

effects on rivers and lakes include monitoring of 
temperature regimes, thermal destratif ication and changes 
in water quality. Monitoring before and after impound- 
ment determines the project's effect on the ecosystem. 
Remote sensing is b^ing evaluated as a method for 
improved collection and operation. 

7. Survey to Describe the P hysical Environment . Surveys 
are conducted to determine the combined effects of winds, 
waves, tides, and currents on the natural Si^orelines. 
Data obtained from these surveys relate environmental 
parameters to beach erosion and the economic factors of 
recreational , agricultural , and industrial use . 

Divisions The Corps of Engineers is divided into divisions which 

include major river basins or parts of river basins. These 
division offices are primary sources of valuable information 
on monitoring systems presently in operation. Each division 
is somewhat diffeienl in operation due to different kinds of 
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rivers. An example of some direct monitoring activities and 
cooperative etfort carried on by the Lower Mississippi Valley 
Division is as follows (2"7) ; 

a. Stages and discharges on all significant streams 
(District personnel), 

b. Water quality data (chemical, biological, 
physical)^ on District reservoirs and tributaries 
to and outlets from the reservoirs (contracts with 
universities and U.S. Geological Survey), 

c. Salinity data in coastal Louisiana (District 
personnel) , 

d. Water Quality data (temperature, pH, DO, con- 
ductance) in coastal areas (District personnel), 

e. Sedimentation studies in reservoirs and streams 
(District personnel), 

f . Potable water monitoring in recreation areas 
(State health departments), 

g. Sewage treatment plant effluent from recreation 
areas (District personnel) , 

h. Bank-line and hydrographic surveys to monitor 
changes in river configuration (contract and District 
personnel) . 

Navy 3. Department of the Navy . The Department of the Navy 

has established an Environmental Protection Division in 
the office of Chief of Navi&L Operations . this office 
directs and coordinates pollution abatepaent programs for 
the Navy. Two major aspects of the Navy program are Air 
Pollution and Water Pollution . 

Air Pollution The Air Pollution program meets requirements for shore 

installations, aircraft, and related facilities and ships. 
The shore installations requirement is monitored by a 
^ Source Emission Testing Teair.. This team monitors emissions 

on the base and recommends appropriate measures for air 
pollution control. 



(2-~7). Personal correspondence, E.P. Blankenship, PZxecutive 
Assistant, Lower Mississippi Valley Division Corps of 
Engineers, Department of the Army. 
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The primary air poliution problems associated with 
aircraft arc the waste produ(j^ts of combustion (smoke 
and chemical by-products). New engines and cleaner- 
burning engines are under development. The problem of 
engine testing or runup is being solved by installation 
of scrubber systems at these sites. 



Water 
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on Spills 



Air Force 



Air Pollution 



Air pollution from ship operation is being reduced by 
change of fuel. The old fuel oil, a lieavy residual type, 
is being replaced by the Navy Distillate Fuel which is a 
clean-burning light fuel oil. 

The Water Pollution program at shore installations 
involves the usual sanitary sewage as well as some 
industrial type waste depending on base mission. Both 
of these discharges are now being monitored and higher 
standards are being met. The Water Pollution program 
aboard ship is more complex. New ships must be equipped 
with marine sanitary devices which will adequately treat 
sanitary waste on board before release. 
Treatment units which will satisfy this requirement are 
not available, but under development. A second approach 
which might have merit is a collection, holding, and 
transfer system on smaller vessels. This system would 
contain or hold the wastes until they could b' transferred 
to land-based sewage plants or to treatment barges. 

A major effort is underway by the Navy to reduce oil 
spills. Oil-water separators which will discharge clean 
water overboard and retain the contaminated oil products 
are being used cn ships. Monitoring devices are employed 
by the Navy to control and evaluate this program. 

4. Department of the Air Force . The Department of the 
Air Force has an Environmental Protection group in the 
Civil Engineering section. Tfiis group has responsibility 
for all pollution problems associated with Air Force 
operations . 

In adfiition to reduction of air pollution at Air 
Force installations, a major effort is underway to 
reduce air pollutant emissions from aircraft. This 
effort includes installation of smokeless com.bustors on 
ail new aircraft, ^p.d a large research and development 
program for tircraft engine emission control. This 
research effort is iLso involved in development of new 
monitoring ecniipncnt specifically designed to meet the 
requirements of air pollution testing on a mobile point 
sou roe 
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Water The Mr Porce is also involved in water pollutioi?" 

Pollution control programs, Basic policy requires secondary 

treatment for sanitary sewage or connection to local 
or regional sewage disposal facilities, AJ 1 installations 
have been instructed to survey their water usage and 
identify areas where water can be reclaimed. Use of 
wastewater treatment plant effluent for irrigation has 
been in practice for many years. Several specific water 
pollution problems cotnnon to aost Air Force installations 
are under study. Liquid ptiotographic wastes, electro- 
plating wastes, and aircraft washrack wastes are examples. 

Monitoring capabilities for air pollution and water 
pollution testing are being developed for use by' the base 
Corps of Engineering personnel. 



The United The United States Deparixuent of the Interior 'Kas several 

States programs directly related to environmental monitoring and 

Department of pollution analysis. Two of tbct most important programs involve 
the Interior the Fish and Wildlife Ser>;ice a::d Geological Survey . 

a. The Fish and Wildlife Sei-yice . The Fish and Wildlife 
Service and its Bureau of Sport Fisheries and Wildlife 
have programs for research, development, and management 
of fish resources. The Bureau studies environmental 
impact statements and water-use projects proposed by 
Federal or private agencies for the probable effects on 
fish and wildlife. Emphasis is placed on conservation 
of our water resources in order to preserve and protect 
cur future needs for fish and wildlife enjo3mient. 

Research and monitoring programs of the Bureau are 
aimed at understanding tbxt effects of toxic materials on 
survival, reproduction, physiology and ether factors 
relating to fish. The Bureau also monitors residue levexs 
of chlorinated hydrocarbon insecticides, heavy metals 
and other contaminants in fish uider the National 
Pesticides Monitoring Program in cooperation with the 
Council on Environmental Quality (2-8). Studies are also 
underway on the effects of pesticides on our fish and 
wildlife resources. 

Geological b. The G eoxogical Survey . The Geological Survey is one 

Survey of the most important sources of information on water in 



(2-8). F.V, Sclimidt, Deputy Director of BL:reau of Spc^rt Fish- 
eries and Wild I iff', Pt^rsonal Conimunicat ion . 



ERLC 



the United States. It is the principal Federal water-data 
agency. The major objective of the Survey is to appraise 
the mineral and water resources of the United States and 
assure thac data and infonnation needed to manage these 
resources is available. The monitoring and surveillance 
systems of the Survey provide data which pertains 
directly to all areas of water resource management from 
quality parameters to quantity flows. At present it 
provi^.es over 70% of the water data collected in the 
United States. 

The Geological Survey was established in 1879. In 
1894 '^ongrpss authorized the Survey to gauge streams for 
quantity of flow and determine the water supply of the 
United States. Since this authorization, the Survey has 
been monitoring, collecting data, and publishing results 
for resource planning. This library of data is invaluable 
for providing historical perspective to our water 
resources . 

Water Quality At the present time, the Survey is collecting water 

quality data at nearly 5,700 sites throughout the United 
States. About 3,700 of these sites are surface sites 
(2-9). Special purpose water quality activities include 
monitoring 'of toxic metals, pesticides, and radio- 
chemical constituents at selected sites. The Survey 
maintains about 60 stations throughout the country in 
what is called the hydrologic benchmark network * These 
sites are located in natural or near-natural areas that 
are net expected to undergo significant development in 
the future. Baseline data from these sites will include 
streamflow, water quality, sediment discharge, and stream 
biota. This baseline system should allow a perspective 
to natural conditions from which pollution and man's 
influence can be ganged. In addition to these monitoring 
systeips, the Survey acquires processes and publishes 
information from 18,000 streamflow stations, and 28,000 
ground water observation wells. More than 860 aerial 
investigations were in progress in 1972, covering some 
three quarters of a million miles. 

There is a basic difference between direct pollution 
monitoring and the monitoring systems of the Survey. The 
Survey provides the baseline information necessary for 
identUying general problem areas. It indicates trends 
in water quality changes, and furnishes a historical 
perspective. Direct pollution monitoring is action 
orienced. It is aimed at solving specific pollution 

(2-9) . gTw. Whetstore, Assistant Chief Hydrologist, Geological 
Survey, Personal Communication. 

ERLC 



Pollution 
Monitoring 



i 



problems . Once the problem is solved, monitoring becomes 
less frequent. This action-orierrted approach does not 
mean that the data need to be less accurate or reliable. 
In most cases, the opposite is true. Many of the pollution 
problems will result in court cases. This will require 
the best, most reliable data from samples properly 
selected, an^ tested by approved methods. Use of the 
Survey *s data and pollution monitoring will be discussed 
more fully in the Water Environment sections, ^ 



5. Atomi C Energy The Atomic Energy Commission has an Environmental Pr6- 

CorTWission tection Branch under the Division of Operational Safety. This 
branch maintains an environmental monitoring and surveillance 
program. The program is limited to the cinity of each of 
its production, iQ^nuf acturing , and research installations where 
significant quantities of radioactive material are handled 
(2-10) , The main purpose of this program is not to monitor 
Surveillance environmental quality as such but to maintain surveillance of 
site operations with regard to any potential effect of such 
operations on the environment. Each process is monitored to 
maximize control and containment of radioactivity. Liquid 
effluents and gaseous emissions are monitored prior to dis- 
charge in order to control the release of radioactive materials, 
Non-radioactive discharges are also monitored for pollutants, . 

In addition to the on-rsite monitoring programs mentioned, 
the Environmental Protection Branch also tests the enVironmT 
near their plants where possible contamination may occur. 
For example, the Hanford Site located in southeastern Washing- 
ton State uses waters from the Columbia River for cooling. 
The waste water from cooling contains some radioactive material 
and is discharged to the g^-'^nnd (2-11), Small quantities of 
nuclides which are not decayed or absorbed in the soil may 
reach the river. Because of the seasonal fluctuations of the 
Columbia niver, the concentration of nuclides (amount per 
volume) will vary, c> 




(2-10), Arthur Schoen, Chief, Environmental Protection Branch, 
Atomic Energy Commission, Personal Communication. 

(2-11). P.E, Brajiison and J. P. Corley, Environmental Surveil- 
lance at Hanford for CY-1971. August 1972. Battelle 
Pacific Northwest Laboratories. 
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In addition to seasonal changes in the amount of diluting 
water, scouring of sediments in reservoirs behind each dam 
causes seasonal variations in nuclide concentrations. This 
is particularly true for Sc-46 (scandium) and Zn-65 (zinc). 
The Environmental Protection Branch monitors these concentra- 
tions and their effects on downstream users. 



The United The United States Environmental Protection Agency (EPA) 

States has the major responsibility and need for monitoring and 

Environmental surveillance systems in the United States. Some of this 
Protection responsibility has been delegated to State Environmentajj^ • 
Agency Agencies, but the state programs are reviewed by the Federal 

agency. 



Water 
Quality 

Short-Term 
Surveys 



^* Water Quality . Two types of monitoring and surveil- 
lance systems are used for water quality programs - 
short-term surveys and long-term surveillance networks. 
Short-term surveys are purpose or problem-oriented. 
Frequently it is necessary to establish data for 
enforcement proceedings. A city or industry is suspected 
of pollution or violation of their discharge permit. 
A monitoring team of specialists samples and tests the 
effluent, perhaps in a mobile laboratory, and generates 
data necessary for enforcement. Once the problem is 
solved, the frequency of testing is reduced. 



Intensive surveys are also used for basin management 
and modeling studies. In these studies, the change in 
water quality or how rapid changes occur is important. 
This requires continuous or at least frequent sampling 
at the site. 



Long-Term 
Surveys 



The long-term surveillance systems provide two kinds 
of data. First, each state is required und^r Public Law 
92-500 to monitor the quality of navigable waters. 



Sec. 106(e) (Public Law 92-500) 



"(e) Beginning in the fiscal year 1974 the Administrator shall 
not make any grant under this section to any State which has 
not provided or is not carrying out as a part of its program — 
"(1) the establishment and operation of appropriate devices, 
n-ethods, systems, and procedures necessary to monitor, and to 
compile and analyze data on (including classification according 
to eutrophic condition) , the quality of navigable waters and 
to the extent practicable, ground waters including biological 
monitoring: and provision for annually updating such data and 
including it in the report required under section 305 of this 
Act." 
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STORET 



This system provides the long-terra data necessary to 
indicate trends and improyement in water quality. The 
stations or sites involved are permanent and carefully 
selected to provide baseline data. Many of the stations 
are cooperative stations with the Uni-ted States Geological 
Survey. A few of these stations are continuous monitoring 
stations measuring pH, dissolved oxygen, water and air 
temperatures and conductance. Most of the stations are 
non-continuous or "grab" sample stations. Samples are 
taken daily or weekly, and field tested for parameters 
whicti>vary with time, for example dissolved oxygen. 
The samples are then shipped to district offices for 
analysis. ' The Environmentaf Protection Agency is setting 
up some regional laboratories which will aid in the 
testing and analysis. 

The second kind of data requited by Public Law 
92-500 involves monitoring of point-source discharges. , 
All discharges into surface streams require a Permit to 
Discharge , This permit identifies the location and kind 
of discharge. When the permit is issued, effluent 
standards will be stated and testing frequency identified. 
The responsibility for monitoring these discharges rests 
with the municipality or industry. The States under 
review by the Environmental Protection Agency must check 
these discharges and monitoring systems for compliance 
with the Permit to Discharge. Monitoring of effluent 
also indicates the efficienc y of the treatment plant. 
This provides a valuable operational tool for treatment 
plant improvement and stability. 

The water quality data collected by the various 
agencies and EPA must be properly tabulated and presented 
for analysis in order to be useful. To meet this need, a 
computer-oriented information system was devised. This 
system is called STORET. STORET is the acronym used to 
identify the Water Quality Control Information System for 
STOrage and RET rieval of data and information. All water 
quality information from the states, the USGS, Health ^ 
Departments, Water Boards, Water and Waste Water Treatment 
Plants, EPA, and special studies is stored in this system. 
Data and information available from STORET are: wat6r 
quality, water quality standards, fish kills, municipal 
and industrial waste discharge, waste abatement needs, 
and costs and implementation schedules. 

Most states have direct access to STORET through 
local commuter terminals. A variety of informational 
programs and presentations are available. This system is 
not an archive-oriented system, but rather a user- action 
orientod system. 
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STORET should develop into tlie largest bank of 
usable water quality information in the United States, 
More complete details of STORET are presented in the 
Water Environment sections. 



Air Quality 




Background 
Monitoring 



Point Sources 
Monitoring 



b, Air Quality ♦ Three types of monitoring and surveil- 
lance systems are used in state air quality programs: 
1) background stations, 2) pollution sources requiring 
abatement procedures and, 3) emission surveys. 

1. Permanent background sampling stations are in 
operation in every state. These stations sample and 
measure a number of background parameters, for 
example, suspended particulates and sulfur dioxide. 
Samples are further analyzed in state laboratories 
and the results are sent to the headquarters in 
Cincinnati, Ohio, v^here they will be included in 

the National Sampling Network . 

2. Pollution sources requiring abatement notices 
and proceedings need direct field surveys"^ These 
short-term monitoring activities require accurate 
data and may lead to enforcement procedures and 
actions . 



Ann'ial Emission 
Survey 



3. As a part of the Implementation Plan, yearly 
emissions surveys are conducted. Using these 
surveys and emission standards, an evaluation of 
pollution control is made. If poor control is 
indicated, then new more effective control strategies 
are made. This suirvey also checks and evaluates 
source monitoring equipment. 



In addition to these state monitoring programs, each owner 
or operator of stationary sources must install, maintain, and 
use emission monitoring devices and report to the state the 
nature and amount of emission discharge. 



State 

Monitoring & 
Survei 1 llmce 
Programs 



Natural 
Resources 



1 

Many stat:es have separate and cooperative monitoring 
programs which provide valuable data for pollution control 
evaluation and planning. The State of Ohio has two programs 
of merit - the Ohio Department of Natural Resources program, 
and the ORSANCO Quality Monitor . 

The Ohio Department of Natura] Resources program consists 
of a Stream Monitor Control Center and 13 remote automatic 
sensing stations. These 13 stations are located throughout the 
State on various rivers. Each station is tied to the Center 
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ORSANCO 



through a telegraph grade phone line. Every hour the Center 
interrogates each station with respect to five water quality 
parameters; river stage, specific conductance, dissolved 
oxygen, temperature, and pH. The data is received at the 
Center and recorded on the teletype (hard copy) and punched 
tape. This data can then be converted into more usable forms, 
either manually or by computer. 

Each of the parameters is compared with standards adopted 
by the Ohio Water Pollution Coritrol Board for various streams. 
If standards are violated, the printout indicates the violation. 
At this point, verification is required. Field representatives 
check to see if a violation actually occurred or if the equip- 
ment malfunctioned. This monitor-telero^ter system has detected 
many violations with resulting pollution^^atement and water 
quality improvement . 

V 

The Ohio River Valley Water Sanitation Coinmission 
(ORSANCO) has developed a robot-monitoring systefc on the 
Ohio River and its tributaries. The system is use-oriented 
and issues monthly reports as a service to those concerned 
with water quality conditions in the Ohio River. The reports 
summarize measurements from the ORSANCO robot-monitor system. 
The robot-monitor system, consisting of 19 field stations, a 
central receiving center, and computer, is located in 
Cincinnati, Ohio. This robot system is one component of a 
larger network which includes 32 manually operated stations 
and covers the entire Ohio River Basin. Five parameters are 
measured: dissolved oxygen, pH, temperature, conductance, 
and chloride. 



tJser In addition to the monitoring data, the ORSANCO Water 

Comniittee Users Committee, composed of managers of water treatment plants 
on the Ohio, Allegheny, and Monongahela Rivers, report water 
quality problems for inclusion in the monthly reports: for 
example, taste ajid odor, high turbidity, oil slicks, and 
coliforra bacterial levels. These observations from user 
groups contribute significantly to the overall effectiveness 
of this monitoring system. 



Environmental The State of New York is also a leader in the field of 

Conservation monitoring (2-12). The New York State Department of 

Environmental Conservation (ENCON) operates a monitoring 
and surveillance program which evaluates water pollution 



(2-12). Donald B. Stevens, Director, Ronald E. Maylath, Chief, 
New York*s Water Quality Surveillance Program. Presented at 
the Water Pollution Control Federation Meeting, San Francisco, 
California, (1971). 
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abatement activities. The surveillance system contains 
approximately 300 mai jal surface water stations with 120 
stations operated by ENCON and the remainder cooperative with 
industry and municipalities. These stations are sampled with 
varying frequency depending on pollution potential. The 
testing period varies from bi-weekly to a few times a year. 
Thirty-seven parameters are measured at each of the stations. 
Ground water stations are being added to the network as 
finances become available. 

Autonidtic In addition to the manual network system, approximately 

Monitors 100 automatic monitors are being added to the network. These 

automatic monitors will not replace the manual monitors but 
will augment the system so as to provide "real time" data. 
"Real time" data is information acquired and usable at a time 
cl ose to the actual time the test was made. Much of the 
monitoring information available is past history, and reaction 
to indicated pollution is slow. The use of automatic monitors 
with a telecommunications link to computer analysis .Is of 
real value in maititaining water quality. 

Aerial a third type of monitoring performed by ENCON is by aerial 

Surveillance surveillance. The results of the manual and automatic monitors ' 
are in the form of numbers, but in some situations numbers do 
not adequately describe the quality of the water. Various 
photographic systems are used to give added water quality data. 
Quantitative thermal imagery and radiometry detect temperature 
characteristics of the water and ultraviolet scanning detects 
oil slick's. Several visual observations by department personnel 
while flying have located a number of water quality accidents 
and illegal waste discharges v 



Data The data collected by ENCON and its cooperative stations 

is compiled with electronic data processing equipment in the 
Water Quality Data Library. The information is also stored in 
the STORET system of the Environmental Protection Agency. 
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Problems; 

1. Select a river basin for study. Locate and 
tabulate a\l the sources of environmental 
inforraaMon available fpr that river basin, 

2. Select a small stretch of the river, perhaps 
10 to iO miles, and study and report on pollution, 
pollution control activities and water quality 

in that stretch of river, 

3. Write a report on what additional monitoring 
is necessary for that stretch of river and why, 

4* Select a large lake or reservoir in your 
local area and find all the sources of environ- 
mental information indicating the water quality 
in .the lake. (Upstream pollution will effect 
the lake.) 



Cr 
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SAMPLING 



1. Objectives 
Honitoring 



Proper Proper sampling of the environment is the most important 

Sampling step in monitoring. Analytical methods for determining the 

amount of various parameters are highly developed and extremely 
accurate; but, if the sample does not properly represent the 

environment, the data is worthless . No amount of expensive 

analytical equipment can correct a poor sample. A sample must 
reflect or be representative of nature. 

Standard a second fundamental of monitoring is standard methods. 

Methods Only methods which have been tested and approved for accuracy 

and reliability can be used for sampling or testing. Methods 
which might appear satisf actory^ but have not been tested for 
reliability, produce questionable data. 

The first step in a sampling program is the development 
of the objective . The general objectives for monitoring as 
identified in Chapter 1 are: 

1. Characterization of existing conditions, 

2. Identification of trends, 

3. Evaluation of standard compliance, 

4. Emergency conditions, ; 

5. Environmental quality forecasting and, 

6 . Research. 

Test Each of these objectives has a slightly different requirement 

Parameters for sampling, and many overlapping features. Some sampling 
programs will fit more than one objective; for example, data 
collected to meet the objective "characterization of existing 
conditions'* could furnish information for objectives 2, 5, and 
6. If possible, economic considerations warrant the inclusion 
of as many objectives into each sampling program as possible. 
After the objective or objectives for monitoring have been 
identified, then the test parameters must be selected. These 
parameters relate directly to the objective. For example, if 
"evaluation of standard compliance" is the objective, then a 
prescribed set of parameters and their limits has been 
established. These parameters are the test parameters. 
Municipal waste water effluent must meet secondary standards 
identified as: 

pH = 6.0 to 9 .0 , 
fecal conforms = #200/100 ml, 
B.O.D. = 30 ppm, and 
suspended solids = 30 ppm. 
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Another example of standards is the National Air Quality 
Standard for particulate matter, 260 Mg/m^ for an average time 
of 24 hours. Other parameters not identified in the Standards 
may be evaluated for showing a broader environmental picture-, 
but in general monitoring would concentrate on parameters and 
limits established in the Standard, 

Selection of parameters for other objective functions may 
not be so restrictive. For example, a wide variety of 
biological, chemical, and physical parameters would be 
included in a test program for evaluating "existing conditions", 
The complete picture of all parameters would benecessary to 
establish "existing conditions". 

2* Si te After determining the objective, the test parameters and 

Se lection the lack of necessary data, the sampling station or site must 
/be selected. Again the objective or objectives for monitoring 
will help select the site. If "existing conditions" is the 
objective, chen a site must be selected which reflects the 
general condition of the air or water. It should not be 
located near a point source of pollution because a nearby 
source will influence the sample and subsequent tests. If 
background, non-polluted conditions^^-e 'sampled, the site 
must not be located near any^i#y^or industrial complex. 

Point If "standard compliance" is the objective, then the site 

Source is at the discharge point identified by the Standard. A smoke 

stack dischargiig particulates into the air is required to 
meet a Particulate Standard. The site would be in the stack. 
If the Standard is for industrial wastewater discharge, then 
the site would be in the effluent discharge line from the 
industry.. Many cities and industries monitor their processes 
.at each stage oi treatment to evaluate performance and 
efficiency programs. In pollution work, the final effluent 
is the point where Standards apply, 
c 

If "identification of trends" is the objective, a site in 
the river or air mass downstream from a point source or group 
of point sources might be selected. This site should indicate 
the effect on the river or air of pollution and pollution 
control standards. For this kind of sampling, it is important 
that the site be selected far enough downstream or downwind 
so that complete mixing is accomplished. 

Zone of When a point source is discharged into a stream, it takes 

Mixing some time and space before the discharge is uniformly mixed 

throughout the body of the stream. This sp^rp is called the 
Zone of Mixing . If samples are taken within this zone, then 
improper evaluation will result. For example, if the sample 
were taken in the waste stream side of the river before it is 
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fully mixed, a high value for pollution ^ ^rameters will result.. 
If the sample is taken on the clean side, little pollution 
would be noted. These decisions are made in the field either 
by looking at the appearance of the river or by tef:^ing both 
vertically and horizontally across the river. When all tests 
at one cross section give the same values, then you are below 
the Mixing Zone. 

Time Another space criteria for selecting the site for evaluation 

Variation of trends r,nd existing conditions is time. Space downstream 
or downwind from a point source also means time as well as 
dilution. Chemical, physical, and biological changes can 
occur in time or space downstream from a source of pollution. 
Organic n.aterial can be oxidized by ^acteria, gas concentra- 
tions can change, sill can settle out, and reduced chemical 
compounds can be oxidized, precipitated or adsorped. These 
processes are Nature's way of pollution treatment. Again it 
is important to set the objective for the monitoring before 
setting the site. 

The waste discharges from industry, municipalities^, and 
agricultural vary both in quantity and quality. These 
variations occur hourly, daily, weekly, and seasonally. For 
proper monitoring, an evaluation of these variations must be 
made. For example, the waste water flow from a city is very 
low in the early morning hours. This flow represents some 
infiltration from the ground water and some wa^te discharge. 
The concentration of pollutants and quantity of flow at this 
time are only 30 to A0% of the daily average.. If samples are 
taken at this time, obvious errors of evaluation will result. 

Sudden storms or over-irrigation of some agricultural 
lands can cause sudden variations in silt pollution. If 
samples are taken during this period, high values of pollution 
would be indicated. 



Fr tfquency 



In other cases, the flow and quality of a river may -remain 
fairly constant for several months. Winter-time flows or 
late summer flows usually fit this case. Monitoring of these 
flows for "trends" or background objectives could be done 
infrequently.' The presence or absence of variation should 
always be proved by sampling and testing and never assumed. 

The objective for monitoring will help decide the frequency 
of testing. Some obiectives require only an average parameter 
concentration while other objectives require information on 
peak concentrations, duration of the peak> and frequency of 
recurrence of peaks. The latter normally is associated with 
the oh jet live of "standards LC^r^pl i ance" . 
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Continuous There are two general types of raonltorlng with regard to 

[v^ pni tnring frequency - continuous monitoring and non-continuous monitoring . 

Continuous monitoring (sampling and/or testing at very short 
time intervals) will indicate peak concentrations, duration of 
peaks and variations of peaks. There are cwo ways of securing 
this information. First, some parameters lend themselves to 
immediate analysis; for example, air or water temperature, 
pH, visibility, turbidity, wind velocity and direction, water 
flow height, water conductance, and dissolved oxygen. These 
parameters depend on a simple electronic or mechanical 
indicator device for immediate response and analysis. There 
are many other parameters which do not lend themselves to 
immediate analysis. In order to meet the requirements of 
continuous monitoring for these parameters, individual samples 
can be taken at short time intervals and stored as individual 
samples for later testing. Alkalinity, acidity end salt 
content are water parameter examples of this kind. In air 
pollution work, tape samples are used for this kind of sampling. 
These samples pull a pre -determined volume of air through a 
piece of clean tape. Particulates will be trapped in the tape. 
After sampling, the tape is moved forward for a new test and 
the previous test is stored for later analysis. 

Sample There are several cautions involved in Sworl.ig samples 

Storage for later testing and analysis. Many parameters change with 

time. For example, the amount of dissolved carbon dioxide 
(gas) in a water sample can change with time. If a sample 
is collected, stored and analyzed^t a later time, the amount 
or carbon dioxide found and recorded may bear little 
resemblance to what was actually in the original water. 

The primary requirement of monitoring 
is to produce data that reflects or 
represents the natural condition. 



Sample 
Integrity 



In the above case, the data would be questionable and 
probably worthless. There are several examples of parameters 
which may changr with time. Dissolved gases, organic material- 
especially in the presence of bacteria, and material which 
precipitates or adsorbs on the container are examples of 
parameters which may change with time. These kind^ of changes 
can be minimized but never completely eliminated. 

One method of minimizing changes in organic material and 
bacteria requires storing the samples at about 4^C. At this 
temper acure, the bacterial activity is very slow and little 
change in organic material should occur, p'reezing the sample 
would result in damage to the bacterial cells. Changes in 
dissolved gases can be rp'^uced by filling the container 
completely full, sealing it, and storing it at the same 
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temperature as ^he water from which it was taken. The amount 
of dissolved gas in a water depends on the water temperature. 



Non-Continuous Non-continuous monitoring (sampling and/or testing at 
Monitoring longer time intervals) will indicate average concentrations or 
concentrations which exist at the time of sampling. This type 
of sampling is frequently called " grab" or " catch" sampling, 
since the sample is "grabbed" at a particular time. This kind 
of sampling does not indicate short-time variations but may 
indicate long-term trends. 

Ag^n, special caution must be exercised in securing the 
sample so that it is representative and time changes must be 
minimized before analysis. 

Composite Another type of non-continuous monitoring is the c omposite , 

Samples or, integrated sample. This type of monitoring gives an 

average value over a period of time. An exaicple of this kind 
of sampling is the average 24-hour BOD. In this case, samples 
are taken every few minutes using a sample volume proportional 
to the flow rate. This sample volume is placed in a container 
and stored at to minimize bacterial action. At the next 

increment of time a new sample is taken, the volume being 
proportional to the flow at this time. This volume is added 
(composited) with the other sample. This process continues 
for the sampling period (24 hours). At the end of this period, 
the composi«-e Is analyzed for BOD. An average BOD value, 
approximately the average BOD for that 24-hour period, is 
recorded . 



Records Proper records are essentia-l in monitoring. In continuous 

monitoring systems, the starting point on the graph or punched 
tape data storage svstem must be aligned for the correct time. 
If the time of the test is questionable, a valuable piece of 
informatLon is lost- Evaluation of pollution sources with 
correlation of peaks v/ill depend on proper times. Enforcement 
of pollution standards depends on timing. For maximum values 
and average values for specified periods of time, an accurate 
set of data with proper times is essential. 

In non-continuous monitoring or "grab sampling" and 
testing, the technician will record the time of sampling as 
part of a general information system. 

Information The general Information system records sampling time and 

System date, proper numbers for sample identification, sample site 

and general observations. Frequently these general observa- 
tions will provide essential information for proper evaluation 
of raw ditn.. For river sampling, these observations should 
include ger^^ral weather conditions and air temperature. 
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general appearance of the river (turbid, brown, clear, ffist, 
slow, patterns of colors, oil on surface, floating debris, 
etc.)» conditions at the site, construction projects ner.rby, 
livestock grazing near the river, boating and recreational 
sports, and any situation the technician feels will be 
important for evaluation of test data. This personal on-site 
inspection of conditions is invaluable for developing a "foel'* 
for the river. After several months of sampling, the technician 
will "know" the river. Unusual conditions will be recognized 
easily and reported. Additional sampling, required to explain 
these conditions, may be necessary. 

Summary in summary, the following rules must be followed for a 

successful monitoring program: 

1. The sample must reflect or represent the actual field 
or natural conditions, 

2. The physical, chemical, and biological integrity of 
the sample must be maintained, and 

3. Proper records, including g'Bnt-iai observations, must 
be made. 

Cownunicate It is obvious from the. discussion tnat monitoring depends 

on a highly-trained professional techtniolan . Close association 
between this technician, the analytical t'^boratory staff, and 
the surveillance manager is important for alJ monitoring 
objectives. The monitoring technician a-ust know what 
problems the analyst is having in testing. General field 
observations can give the laboratory staff significant insight 
into pollution problems and proper test procedures. The 
surveillance manager must know sampling problems and unusual 
conditions for proper evaluation of the total monitoring 
system. 

Monitoring and surveillance is 
a team effort. 
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Problems: 



1. Secure a monitoring site location map from the local 
U.S. Geological Survey Office. Select a stretch of 
river and evaluate the monitoring sites. Are they 
continuous or non-continuous data stations? What 
parameters are measured in the field and what are 
measured in the laboratory? Who checks the instruments 
or takes the "grab samples"? Arrange a trip to one 

of the sites with the technician. How are samples 
numbered and shipped to the laboratory? How often 
are samples taken? What are the objectives for 
monitoring? Write a report on your monitoring 
evaluation . 

2. Contact your regional Environmental Protection 
Agency (Moaitoring and Surveillance Section) and 
secure a tscnitoring site location map. Locate sites 
selected for pollution coPktrol information. Evaluate 
these irionitoring oites (Problem 1). Determine any 
differences in objectives between the U.S. Geological 
Survey and the Environmental Protection Agency for 
monitoring. Do these differences affect sampling 

or parameter selection? Is frequency of sampling 
the same? Write a report on your evaluation. 
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Additional Reading: 




1. Standard Methods for the Analyses of Water and 
Waste Water 1971 American Public Health Association, 
13th Edition N,Y. 

2. Methods for Collection and Analysis of Water 
Samples for Dissolved Minerals and Gases. Eugene 
Brown, M. Skougstad and M.J, Fishman. 

Book 5 Laboratory Analysis 
United States Geological Survey 

3. A Practical Guide to Water Quality Studies of 
Streams. 1969. F.W. Kittrell 

U.S. Government Printing Office (FWPCA) 
No. CWR-5 

ft 

A. Annual Book of ASTM Standards (Part 23) 
Water; Atmospheric Analysis 
American Society for Testing and Materials 
1916 Race Street, Philadelphia, Pa. 19103 
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DATA ANALYSIS AND PRESENTATION 



The process of monitoring the environment produces data. 
These data or numbers measure the magnitudes of pollution 
parameters, indicate the exact position of the sampling site, 
and record the time of sampling. In order for these data to 
be useful, they must be analyzed, evaluated, and properly 
portrayed for users. This process is sometimes called data 
, reduction or editing . The process consists of four essential 
steps : 



1. Collection of Raw Data, 

2. Classification of Raw Data, 

3. Generalization of Data, and 

4. Presentation of Data. 



1 . Conection of 
Raw Data 



The Monitoring 
Site 

Continuous 
Monitoring * 



The collection of raw data and numerical facts is the 
first step in the scientific and operational evaluation of 
the environment . These'^numer ical facts must be recorded in 
some permanent manner for evaluation and storage. Even 
subjec*"ive comments concerning the monitoring site should 
be written down. Use a good ballpoint pen with a waterproof 
ink. Pencilled notes are easily smeared, and damaged. Notes 
made in ink also carry more weight in court proceedings than 
pencilled notes. Pencilled notes can be erased and changed. 
Since enforcement proceedings may result from monitoring, 
data must be accurate and dependable. 

^* The M onitoring Site . Numerical facts are generated 
in two places: the monitoring site and the analytical 
laboratory. Several kinds of facts are recorded at the 
monitoring site. If the station is automatic or semi- 
automatic, instruments measure and record various 
parameters. But all instruments and recorders must be 
frequently adjusted and standardized. This standardization 
consists of adjusting the zero value of the instrument 
and the value of some known parameter concentration. 
After instrument adjustment, these values are then set 
for proper recordings on the recorder, and the recorder 
is adjusted to the proper time. The time and date of 
this standardization must be recorded by the technician 
on a permanent log and on the actual recording sheet if 
possible. The correct values must be indicated on a 
*data sheet at the end of rhe monitoring period as well 
as at the beginning of a new sheet for the next period.. 
Otherwise it is impossible to check on how far the 
instrument has drifted from standardization during the 
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monitoring period. If significant drift is noted, more 
frequent standardization is needed. 

Different kinds of records and responsibilities are 
associated with non-continuous monitoring. Non-continuous 
parameter monitoring can occur at sites where a few 
parameters aie measured continuously and also at sites 
where only "grab'' sampling is warranted- Under these 
conditions, the technician must sample the river or lake 
or air. The sample must be representative of the 
natural condition and must be collected in a numbered 
or labeled container. The container must be properly 
prepared to prevent contamination of the sample. The 
site location or number, the number of the container, 
the time, the date, and the method of collection must 
be recorded by the technician. If the sample is shipped-; 
to a laboratory for analysis, the method of shipment and 
the method of sample preservation must be recorded. 

In addition to preparing the samples for shipment, 
several parameters are generally measured and recorded at 
the site. In the water medium these may include dis- 
solved oxygen, water and air temperature, and pH. These 
measurements are made with instruments which must be 
standardized before use. Measured values are recorded 
at the site on permanent records. Although data systems 
do not use general comments made by the technician, 
these recorded subjective observations, many times, 
contain information which can be added to the numerical 
facts to form the true picture of "what is going on in 
the environment". 

Record general site information . 

b. The Analytical Laboratory . The second source of data 
is the "analytical laboratory. This laboratory receives 
the samples with the proper labeling and site information 
as sent by the technician. Analysis schedules are 
arranged by the laboratory supervisor and are performed 
by the professional staff. All data are properly recorded 
and associated with the site, time, and date of sampling. 
General comments made by the monitoring technicians are 
noted and additional tests are scheduled if the information 
warrants or indicates it. These laboratories must use 
approved and standardized analytical methods. 

The monitoring technician should visit this 
laboratory and see how samples are received and tested, 
how paperwork is used, and how general information is 
used by the laboratory supervisor. 
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Non-Continuous 
Monitoring 



The Analytical 
Laboratory 



Quality Control in any collection and analysis system^ quality control 

procedures must be used. These procedures insure the 
reliability of the data. All laboratories have quality 
control techniques. These are based generally on the 
supervisor introducing "known" samples into the analysis 
schedule. Any variation from the known parameter concen- 
tration indicates poor laboratory work. Another technique 
used introduces a split sample. A sample is split and 
both are introduced for testing. Obviously, all test 
results should be duplicated. 

These kinds of techniques can also be used at the 
monitoring site. For example, two samples can be collected 
in two separate containers at approximately the same time. 
These can be labeled and sent through the analysis proced- 
ures ( both field and laboratory). Duplicate values should 
be produced. Any variation must be rechecked. If proced- 
ures do not produce reliable data, change them until they 
do. Instruments can also be ch^^cked. Field checks can be 
made by comparison to test instruments standardized in the 
laboratory. For example, pH can be measured by the regular 
field instrument and the test instrument for comparison. 

Quality control costs money but repays 
the monitoring program in reliability , 

The raw information derived from the monitoring program 
(field and laboratory) is now ready for data analysis as 
part of the overall surveillance program. 



C lassification Data generated at the monitoring sites and the analytical 

of Raw Data laboratory are collected and stored in a data center. It is 
important that this raw information be stored for possible 
future reference. .Support for legal proceedings may require 
this data, and future changes in use functions may require a 
classification based on the raw data. Economic considerations 
would indicate that at some point in time storage costs would 
not justify the retention of very eld data. Microfilming and 
other reduction procedures are helping this program. 

After data is collected and before it is stored in 
archives, it is classified. 



Informational ^' informational Need. Deterr.ining the informational 

liQQd need is the first step in data classification. Again 

this need has already been established from the 
monitoring objectives. For example, if VEvaluation of 
Standard Compliance" is the monitoring objective, then 
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only parameters defined in the standard would be classifiod. 
Broader parameter groups would be classified for other ob- 
jectives; for example, trends, forecasting, and research. 



Ordering of ^- Ordering of Data. Once the informational need has 

Data been establisRed then the pertinent data is ordered. 

This ordering of data on any parameter includes site 
location, time, ?.nd magnitude. There are three general 
ways of ordering these three kinds of data: 

1. Site Ordering, 

2. Time Ordering, and 

3. Single Parameter Ordering. 

Examples of these orders should provide sufficient insight 
^ into their structure and use. Consider the following 

Wt situation : 

# 

Two stations on a'river, 

four measured parameters, pH, temperature (water) 
dissolved oxygen and flow stage (water depth) , and 
samples taken every two weeks. 

Site Ordering l. Site Ordering. Ordering by sites (Table 4-1) 

/ puts all sites in order and stores all times and 
/ parameters by site. 

TABLE 4«1 
SITE ORDERING 

Site 3622 May 8, 1973 May 22, 1973 





pH 




7.7 


7.4 




temp 




- 15^C 


17°C 




DO 




6 . 3 ppm 


6.8 ppm 




flow 


stage 


28.6 feet 


37.4 feet 


Site 3621 


pH 




7.4 


6.9 


(downstream from 


temp 




IB^C 


20^C 


3622) 


DO 




4 . 1 ppm 


5.3 ppm 




flow 


stage 


28.9 feet 


38.2 feet 



This kind of ordering shows, at one site , how the 
parameters vary with timo. Trends and site variations 
are easily compared. Graphs of this ordering use 
parameter magnitude for the ordinate (y) axis and 
time for the abscissa (x) axis. Figure 4-1 illustrates 
a plot of che above data by site ordering. Several 
parameters can be presented on one chart with dif- 
ferent units for ordinates scales. This allows 
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useful comparisons of parameters. 



Time Ordering 



2, Time Ordering . Ordering by time (Table 4-2) puts 
all times in order and stores all sites and parameters 
by time. 

TABLE 4-2 
TIME ORDERING 



May 8, 1973 



Site 3622 



May 22, 1973 



pH 

temp 

DO 

flow stage 



7.7 
150c 
6 . 3 ppm 
28.6 feet 



Site 3622 



pH 

temp 

DO 

flow stage 



7.4 

170c 
6.8 ppm 
37.4 feet 



Site 3621 

7.4 

18°C 
4 . 1 ppm 
28.9 feet 

Site 3621 

6.9 

200c 
5.3 ppm 
38.2 feet 



Parameter 
Ordering 



This kind of ordering shows, at one t ime , how 
the parameters vary with site (space). This 
ordering shows what happens down a river at a given 
time. Variations show the influence of tributaries, 
pollution sources and surface and ground runoff. 
Graphs of this ordering use parameter magnitudes 
as the ordinates (y) and sites (downstream) as 
abscissas (x) , Several parameters can be presented 
on one chart with different units for ordinate 
scales. Thic allows useful comparisons of data 
and formulation of possible mechanisms. Figure 
4-2 shows a plot of the data by time ordering. 

3. Paramete r Ordering . Ordering by single parameter 
(Table 4-3) puts all single parameter values in order 
and stores all times and sites by parameter. Other 
parameters are also stored. In this example, only 
temtrerafure is illustrated. 



i This kind of ordering shows how one parameter 
vAlue va 3 with time and space. Figure 4-3 shows 
p iV) t s of ' four parameters with values in the 
box. These figures can be read several ways. If 
tWe figures are read vertically from bottom up, 
vdriation in time is seen. With continuous or more 
da\a, contours can be dravm which look like mountains 
and valleys. If read at angles frc:n the origin, a 
"feler' for river changes downstream with time are seen, 

I 
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TABLE 4-3 
PARAMETER ORDERING 



Site 3622 
Temperature 15<^C May 8, 1973 



Site 3621 



Temperature 17^C May 22, 1973 
Temperature IS^C 
Temperature 20^C 



May 8, 1973 
May 22, 1973 



Most data is stored by site and further stored 
in each site by time. For "need" classifications 
and "use" functions, however, the data may be 
classified by time and parameter also. 



3. General Ization Generalization of environmental data is the technique 

of Data of deriving from limited monitoring the true picture:>+ 

of the environment, 

of pollution problems and their effects and, 
of the results of pollution control efforts. 



This does not mean the drawing of broad, poorly defined 
conclusions. It does mean subjecting the limited data to the 
proper mathematical and statistical analysis. Generalization 
always assumes that the data truly represents the environment 
and similar sampling and testing (same site and time) would 
produce the same numerical data. 



The monitoring program must insure 
data represents the environment. 



There are two approaches or directions for generalizing 
d^ta: reduction and expansion. In both cases, the purpose 
of the generalization is presentation — presentation of data 
in a way a human can understand. Decisions on enforcement, 
analysis of trends, evaluation of backgrounds or existing 
conditions all require some smoothing out of excess fluctuations 
or some averaging of data. 

Reduction is the process of reducing excess data to average 
values. These average values obviously mask peaks and fluctua- 
tions. It should be noted that reduction can produce longer 
time averages but the reverse is not true. Instantaneous or 
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short time average concentrations cannot be determined from 
long sample averaging uime. In other words, instruments or 
sampling which produces data only at 6-hour periods cannot 
show fluctuations occurring at 3-hour intervals or anytime 
less than 6 hours. Samples cimes of once per month only 
indicate values at the time of sampling. Even composite 
sa-nples average concentrations over a period and do not give 
intennediate data points. 

Expansion is the process of using limited data and 
expanding the data to produce average values. This process 
involves th3 mathematics of statistical analysis, A complete 
presentation of this kind of analysis is not possible in this 
text but several good books are available for study. Since 
most enviroi^niental data is non-continuous with respect to time 
and space, the process of statistical analysis is an important 
tool for evaluation. 

Averaging a. Averaging. One common method of generalization is 

averaging . An average value is a value which may 
represent or replace a group of values. There are four 
kinds of averages or ways to indicate this central tendency: 
arithmetic means, geometric means, medians, and modes. 
Arithmetic means may be calculated by: 

X (Arithmetic roan) = ^ 4.1 

n , 

where X represents each individual value and n represents 
the total number of values. This method is the most 
common kind of averaging. 

Geometric means may be calculated by: 

log M (Geometric iiean) = ^^S 4^2 

where X represents each individual value and n represents 
the total nuhiber of values. Logarithms are base 10. Geo- 
metric means are useful lor averaging certain kinds of 
oata. Arithinetric means are sensitive to values which 
are high or low compared to the normal values. Geometric 
means can reduce the effect of these high or low values 
and produce a more representative average. 

Medians aiv the middle value of an array. An array 
is an ordered f;rouping of the data bv value - high to low 
or low to high. The mathematical form for flnaing the 
median is t, 

M ''median) - ^^jtJLHh observation uf array 4.3 
2 
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The median will also reduce the effect of values 
which varv significantly from the middle values. 

The mode is the inagnitud of the most frequent 
and therefore most probable value. This method generally 
requires a grouping of data within certain limits. For 
example, all values from 1.5^1 to 2.50 would be grouped 
under the value of 2, all values from 2.51 to 3.50 would 
be grouped under the value 3, and so forth. The value 
having the greatest frequency would be the mode. The 
bacterial sampling procedure for coliform density called 
MPN (most probable number) uses the mode for averaging. 

Averaging Time One factor must be kept in mind in working with 

data - the averaging time. The effects cf averaging 
time is best illustrated by an example of continuous, 
non-continuous and composite monitoring (Figure 4-4). 

Figure 4-4 illustrates monitoring techniques and the 
resulting data from one site. The true parameter varia- 
tion is shown in Figure 4-4(a) . In Figure 4-4(b) and (c) 
the parameter variation at the site is the same as in 
(a), but it is monitored differently. In (b) the site 
is monitor^ ^ at 30-day intervals. The value at day 
30 IS 500 ii. tioth ca:.es (a) and (b) . Figure 4-4(c) 
uses the data of (a) but indicates values as they would 
result from a couiposite sample. For convenience the 
flow rate at this site was assumed constant. Averages 
were computed and are illustrated to the right of the 
monitoring data. 

Continuous Data Figure 4-4(a) illustrates continuous monitoring and 

continuous data with respect to time. During this 90-day 
period, the parameter ' oncencration varies from 0 to 800 
in different ways. The average concentration for the 
first 30 days is 500. This average is computed by finding 
the area under the curve in the left hand figure and 
setting it equal to the average value times 30 days: 

A (Area left) = Ave x 30, 4.4 
for example, 15,000 = Ave x 30, and 
500 = Ave. 

The average for the second 30 days is 290 and the average 
for the third 30-day period is 560. If the averaging 
time is the first 60 days then the average value is 395. > 
if the averaging time is the last 60 days, the average 
value is 42:>.^ If the <iveraglng time is 90 days, the 
average vahu' is 450. 
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AVERAGES (30 DAY PERIOD) 
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If the average vaj.jes of the right hand figure of 
Figure 4-4 (a) is tue iwy inforraation available, there 
would be no way of kno/ing the true variation given in 
the left figure. If rr:e maximum allowable concentration 
was, for example, 600 (Standard), no violation would be 
indicated by 30-day averaging times. Data can be reduced 
to show various kinds of averages but variations cannot be 
reconstructed from averages. 

Non-Continuous Figure 4-4(b) illustrates non-contiruous monitoring 

Data at the same site at the same times. The data points 

at the beginning and end of each 30-day period coincide 
with the actual conditions from figure (a). The data 
points are connected by a straight line since no other 
information is available. The straight line for the 
first 30 days indicates the concentration varies linearly 
and uniformly from 0 to 500. The actual data points from 
(a) show how untrue that assumption is. Long averaging 
times do not indicate shorter time variations. 

Averaging of data in Figure 4-4(b) gives 250, 450, 
and 300 for each successive 30-day period. Sixty day 
avera>.-,ing eives 350 and 375 for the first and last 60 
davs. The 90-day average is 333., Compare tliese values 
with the ^ rue averages of figure (a). Note that wiien 
fluctuations in (a) are higher than the straight line 
between 0 and 500 of figure (b) the average in (b) is 
too low.: If the fluctuations are lower (second 30-day 
period m (a)) then the average in (b) is too high. 

A variation in the straight line approach is some- 
times used. In Figure 4-4(b), the intermediate points 
between real data points are assumed to change in steps. 
The ''0" value is assumed tu be true for 15 days. The 
SO'^ value is assumed to be true for the next 30 days, 
ihis assumption is no better than the straight line 
approach. l5oth methods give the sam.e average values 
since the area under the curver> are the same. Other 
kinds of curves could be used between data points, but 
they will no^ necessar i ly improve the average values. 
Smooth curves through the data points (dotted lines) 
would give average values closer to true value in the 
first 30-day period, but would be farther auay from the 
true value in the secor.d 30-day period. 

ConipOSIte Data Figure 4-4(c) illustrates composite Scimpling during 

the same periods. At the end of eacli 30-day period, a 
new composite is started. The values are computed by 
incremental areas from the ''0" time to the data point. 
At the end of each 30-day period, the true average for 
t h^. period is reached (see Figure 4-'*(a) ). These avi^rage 
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Time Ordering 



values are shown in the right figure of Figure 4-4(c). 
These curves do show how variations are occurring. If 
the composite curve is increasing^ the actual data points 
are higher than the average for that increment. For 
example, in the first 30-day period, the composite values 
continue to increase after Day 18 even though the true 
variation of figure (a) is decreasing. The rate of 
i.icrease or slope of the curve is decreased, however. 
As mentioned in Chapter 3, the integrity of a sample 
stored for 30 days could be very questionable. 

The data shown in Figure 4--4 was based on Site 
Ordering. When data is Time Ordered, caution should be 
exercised in graphing. For example, Figure 4-5 shows 
three data points indicating a parameter concentration 
at three different sites at approximately the same time. 
Since continuous monitoring in space and time is 
practically impossible, there is a question on how to 
connect the points on the graph. If this figure is 
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graphing a river at approximately the same time, how do 
the changes occur?! The monitoring technician must be 
aware of what is going on between the sites. For 
example, a tributary or point source of discharge between 
Site 7 and 8 could be causing the change in concentration. 
This would be graphed as a step function and not as a 
straight line between the points. 

If the change in concentration is due to surface or 
ground water runoff, the change could be gradual between 
the two sites. This could be represented by a straight 
line variation. Assume this is the case between Site 7 
and 8. 

Curve Fitting b. Curve Fitting . A second method of generalizing data 

is by fitting the data to a mathematical curve. There 
are several environmental parameters which vary according 
to simple equations. Examples of these equations are 
given in Table 4-4. The procedure is simple. Plot the 
data points on arithmetic scales (y vs. t) . Compare the 
shape of the curve with those in Table 4-4. Select a 
curve for testing. Plot data on graph paper using the 
straight line functions of the data instead of the data. 
This should produce an approximate straight line if the 
equation fits. Functional graph paper is also available. 
This paper is constructed in logarithmic or semi-logarithmic 
functions or logarithmic-probability functions. The data 
can be plotted directly on this kind of graph paper for 
straight line evaluation. 

Scvpral hints are useful in curve fitting, especially 
for straight lines. Choose y as the variable (dependent) 
to be [ound from different magnitudes of t (time, 
independent) ., Another hint is to pass the line through 
the arithmetic means of y and t. This intersection is 
the most probable value of the y and t relationship. A 
simple computation of these means fixes an intersection 
point for the line. The only other decision is the 
slope. Many times an adjustment of slope by eye is 
suf f i c ient V 

Curve fitting is applicable to reduction and expan- 
sion of data. Excessive data can be reduced to a simple 
equation and limited data can be expanded to fit simple 
equat ions . 

Trends and c. Trends and Cycles . Frcq':ontly data from long periods 

Cycles of :nonitoring will show trends or cycles. This kind of 

generalization or time averaging is useful in envlron- 
riental evaluation. The procedures for generalizing data 
tor this kind of presentation is straight forward.> For 
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EQUATION 



2 y = ot' 



3. y = oe 



bt 



4 y : c + b/1 



TABLE h-li 
M\Tili:MATICAL CURVES 

SHAPE 



y 


Slope = ^ 








y = a bt 














a 1 









STRAIGHT LINE 
FORM 



y = a + bt 



Slope = 0 at t = 0 



3 y = t/(a+bt) 



6 y = a/(btct) 



o/b 




(log y) = (log o) + 
b{log)t 



(log y) = (log a) + 
(b log e)t 



y=a+b (l/t) 



(t/y)=a + bt 



(|/y) = (b/a) + 
(c/a)t 



example, if the change or trend in CO2 concentration in 
the atmosphere is needed, average yearly values would be 
computed and plotted against time. Figure 4-6(a) shows 
that the CO2 concent rat ion in the atmosphere is steadil y 
increasing with a definite trend. 

Cycles are also useful to indicate charlges in ^ 
environmental parameters. Wet aua dry weather cycles 
are common examples of cycles. The Water Quality parameter 
of color shows a similar yearly cycle in mountain streams. 
Figure 4-6(b) illustrates a color cycle. 

Distribution and d. Distribution and Variation . Frequently in monitoring 
Variation programs data will vary, at least for certain periods, 

around a central value. The distribution and variation 
of data around this central value is an important evalua- 
tion tool. For example, if an average value is 75 and the 
data varies from 6 to 250 around this value, the data is 
quite variable. If, however, the data varied from 74 to 
76, the variation would be less significant and the average 
value would be more representative of actual conditions! 
The analysis of data to determine its distribution and 
variation involves the mathematics and theory of Statistics. 
It is beyond the objective o this book to present these 
concepts; however, a brief description of the procedure 
and results is warranted. 

The analysis of the distribution and variation of a 
set of data starts with ordering the data by parameter 
magnitude in an array. Generally simple magnitudes are 
selected and data is grouped in these magnitudes. For 
example, if 9 and 10 are simple magnitudes, data from 
8.5 to 9.49 would be grouped under a magnitude of 9. 
The number of times data falls in this group is the 
frequency of that magnitude. After this grouping by 
magnitude and frequency the data is plotted. Figure 
4-7 shows a normal type frequency distribution (a) and 
a skewed frequency distribution (b) . 

It is a curious fact that many arrays of observations 
and measuremen ts t race a bell -shaped normal curve 1 ike 
Figure 4-7(a). Mathematically, these kinds of arrays 
have certain character ist ic^; . The largest number of 
observations occur near the center of the array. Smaller 
• and smaller numbers of observations (frequency) differ 
from the central magnitude by larger and larger amounts. 
Values greater than the central value occur about as 
often as smaller values (symmetrical). These kinds of 
* curves are called probability curves . Probabi lity is 

synonymous with frequency. 
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CYCLE 1-YEAR FREQUENCY 



SPRING SUMMER 

( [) ) Color of K i vc^r wat vr 



FALL 



WINTER SPRir^G SUMMER 



Trend Cy( 1 os 




MAGNITUDE 
(a ) Normal Frequency 




M/ GNITUDE 
(b ) Skewed Frequency 



Figure 4-7 
iYoquGncy Distribution 



Probability virt i iindt^-r tiu curve* ncctsurcs the total number vU' 

observations.^ The ratio of any portion of the area bounded 
by vertical I(inos to the whole area therefore gives a ratio 
of relative f t;equency/o^ probability of occurrence of 
values lying bet^^jy^ep-'^the* magnitudes indicated by the 
vertical lines. These areas or probabilities are found 
in all basic books on Statistics. 

Ovi the normal distribution curve the shapes change 
from concave to convex at two points. These points are 
called the inflection points* Deviations of data between 
these two points is frequently given along with the 
central average value. If the data fits a normal curve, 
the probability would indicate that 68.2% of the time 
sampling would give a value between the lower magnitude 
(X|^) associated with the left inflection point and the 
higher magnitude (X2) (Figure 4-7a)). Other probabilities 
are easily computed from the statistical tables* 



^- PresentatiOjl The fourth step in preparing data for evaluation is pre- 

DfL^^l sont.ilicn. Evaluation is a human function; therefore, the 

presentaLion should be aimed at maximizing the response of 
^ tho human senses. The old adage of "A picture is worth a 

thousand words" can be changed to: 

rL^-iii?^ worth a thousand numbers '^ . 

ihe eye ^an scan a chart or graph of data much more quickly and 
<ic ^ ur/iU 1 V than a set of numbers. The graphs should be simple 
with easy-to-understand units. Graphs or charts are sometimes 
prepared to indicate general situations or problems. Precise 
data" points are not presented, only the general trend or 
prnbleri is apparent. In other cases, very preeise, accurate 
dr ivins:-; are neodc^d. 

Srv'.'rai rnrJnetr'=i and scientists are working on methods 
i.T l)L-ti«^r presfciitat ion and storage ul data. As mentioned 
bef^^rn, data which cannot be used or evaluated is useless. 
I.i recent years, the tremendous increase in data systems 
ipd data collection has produced serious problems in proper 
• '.iiaatun. Coinputc rs have made a significant step m the 

^.i\si', <;iui L Kiss i t 1 V. at i t^:: of data. Several computer systems' 
I, -v. r'-jTihiiie equipment for portrayal of data. Weather maps 
r ) ■ b( e.. graphed by this ^'^ethod for many years. Graphing 
.r -rrn- ATt' HvailiMe with the- ^:T0RKT system used by the 

L',vi r'^nmcMiL^il i^r^tef t i'^n Ageius'. 

! ; r' r)Crit i or t >i .M lua t i on » thr^ ccjectlve cr 

t iv^>c ( n, nit or ant: program must be sidted. Kach 
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ohio.ctiv- roqulros iittb^ different presentation and 
I I.. I i_ . '^T^l'vi. 1 1 i . r. St.tndaid C.^inpliance" and "Emergency 
C^}ndit 1 ^ lib" virr i^hTt.vtive functions which require immediate 
rospi^ist . Vrv '*Sid:\dM\\ Compliance" precise data showing peaks 
and \Ai I iii^'W^ .ifL required. Graphs using a horizontal line to 
indicate raxiinuni permissible concentrations dre cseful in p re- 
sentful ens,, r.mer^ency conditions may requii'c iT-.nediate response 
with reduced demand for accuracy of data or presentation. 

Fui etlit^r objectives, for cx.imple, "Characterization of 
i.xisiing Cv;ndi t ions" , "Identification c£ Trends" , "Fnvi ronmental 
Oual ity ^recast ing" and "Research" , more time is available 
ler present .it ion and evaluation.: Precise data graphs, pre- 
pared under various ordering, averaging, and curve fitting 
procedures wi 1 1 provide sufficient data. "Trends", "Forecasting 
and "Research" generally require an extension of current data 
intv) the' future. P^xtension of data into future times is an 
edu_k-a_te_d ganie of guessing. 

Forecasts and Making environmental predictions requires a considerable 

Predictions amount of knowledge. All areas and aspects of the environ- 

.K-nt must be considered in making the predictions. Even with 

the be^i avail ihle knowledf;e, onlv limited predictions can be 
V . Frv'i'i ;Vi.st experience, .several kinds of gross predlc- 
ti^'us ire ebvieus,, Building; cities in areas where air inver- 
rfi^^ns .vcur is p.oorly advist^d. I Angeles is the prime 
exar^rle. Hi^h Ci'n„sity population centers will not provide 
a qua I ity env i I'onment . 

Mrs t , 'I t iiesc p r^. d i lions are now obv i ous , bu t smal 1 - 
siale pTed i^.t ions iil nor so obvious. In recent years, 
ttUtr.illv funded i r^'.ect.^ hav ■ required "Environmental 
! rut S ta teHio I >^" . TnesO' st-itements ,are attempts at foio 
:-tinf^ rr prt i . ig the ^ i i ec ts of federal project^ >omv 
: t h«' i< p''i'' 're 'd' , tnhers di'c r>>K)r .md I . substance. 

: L -i whin : .t state":cnt indicates ^re r*^si'nie Mnpact , 
n^' jirect t. j ^ n is leiciily possible exce; : at the 
l.\'LUtr>'' lev* Hi. ant pubi''.. pressure and Congressional 

d sp It <i^'ire . HI influence th- :)ro;ect. Several eminent 

ieni '. ^::> ha «. .av > predi* tions wh ch .adicate we are in 
serieus ' nv 1 r(Mi:nent i: troubN . . le >st :>er^ us environmental 
problems iW the ^'i.' s vhi^' are i r^e^ < r si^ le . This means th^t 
alter ;s. . rv ■ r i lu p' ^ 1 en Liu trend cannot be roveT*bcd. 
Tb.e s 1 1 'Mt i "T. ,) 1 . p rot ^ « c.t '1 so far it t tinno t ' e rever sed . 
When -t^'ain ■^I/l ics ^^f a.nirtals fDecome extinct, this 1^ 
I rreversihh ^<';:.e p/redictiuns indicate th.it mm is en. iron- 
.^.ntallv oo) ' red spe^I(^s. Hopefullv, the trend 

i i i t i .) r : i, T' r^'.l i t i on i ^ c mgc 1 e , re " • i bli : 



Cnvi ron;nentd1 

Impact 

Statements 



Problems: 

1. Arrange a monitoring trip to several sites with a 
technician from the U.S. Geological Survey. Follow 
and list the procedures used for quality control of 
data. Identify how data is generated, checked, and 
recorded. Select a group of consecutive river sites 
and select a few parameters for study. Order the 
data by site, time, and parameter. Generalize the 
data. Find medians, means, and modes for each 
parameter over a two-year period. Graph the 
parameters versus time and check for trends and 
cycles. VJrite a report on your findings. Include 
graphs and data presentation. Remember to define 
objectives functions . 

2. Arrange a trip to an industrial site or a 
municipal sewage plant. Find and list the general 
data collected on effluent discharge. Identify 
quality control procedures used to verify data. 
Collect the data from the last two years and select 
a few parameters for ^tudy. Order the data by site, 
time and parameter. How does this kind of data 
differ from river site data? Generalize the data. 
Define objective functions. Find several different 
kinds of averages. Check for trends and cycles of 
various time periods. Write a report on your 
findings. Include data, graphs, and various 
presentat ions . 
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In order to control and protect environmental quality, 
observations and measurements must be made to ascertain 
whether or not environmental quality is deteriorating. Many 
techniques are available to make these observations and 
measurements. There are chemical techniques as in specific 
impurity measurements,, mechanical techniques as in viscosity 
measurements, optical techniques as in turbidity measurements, 
electrical techniques as in conductivity measurements, etc. 
In a great many of these techniques, some part of the process 
involves electricity or electronics either directly as in 
conductivity measurements or indirectly as in turbidity 
measurements where the light transmission through a turbid 
media is measured by an electrical signal from a photo-elec- 
tric cell. Because of this freauent use of electricity and 
electronics in environmental quality monitoring (and also 
the occasional use in environmental quality control such as 
in electrostatic precipitators) an understanding of the basic 
properties of electricity and electronics is essential to an 
understanding of these monitoring (and control) techniques. 

It is the purpose of Chapter 5 to review basic electrical 
concepts, electrical rircuit concepts and to review electronics 
as it pertains to environmental instrumentation. These various 
topics wilL be reviewed from the standpoint of developing 
understanding of electrical phenomena for the environmental 
technician and are specifically not presented as basic train- 
ing for the electronic technician or engineer, nor is it 
meant for the training of the environmental technician in the 
repair and maintenance of his own electronic instrumentation. 
However, it is hoped that the understanding gained from this 
material will aid the environmental technician in properly 
operat ng his equipment, help him in determining when his 
equipment is working properly and give him confidence in his 
calibration procedures. 

The elemental part ic le wMch is tn.-^ basis for all elec- 
trical phenomena is the electron. Its-piasc is 9.1 x. iO"^^ 
kilograms. It is one of the principle particles forming the 
atom and in normal atoms is found in conjunction with a pro- 
ton which is a much larger particle but with opposite elec- 
trical charge from the electron. The charge on the electron 
is defined as negative while the charge ^n the proton is 
defined as positive. The simplest atom (hydrogen) is con- 
veniently viewed a^; a tiny planetary system with the sun 
represented by the proton, and the electron as a planet 
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rotating around the proton like a planet around the sun. This 
representation of the hydrogen atom is knovm as the Bohr 
atomic mod' ' and is a very useful model for many applications. 
All other a are more complicated than the hydrogen atom 

and contain many electrons and protons (in equal numbers) and 
also a variety of other atomic particles which are not im- 
portant to our consideration of electricity. 

The electrical charge on one electron or one proton is 
very, very small and for most electrical applications is in- 
conveniently small. Therefore, e^lectrical scientists many 
years ago defined a more convenient unit of charge called 
thg coulomb. A coulomb of charge consists of 6.21 x 
electrons (or protons) and even though this number seems to 
be a very strange one, the couloftib is a very convenient unit 
of charge as will be seen by the following discussion of 
electrical current. 

In normal atoms there are equal numbers of protons and 
electrons . However, in some materials (electrical conductors) 
the electrons can be removed from the atoms by various means, 

some as simple as heating the 
material up from absolute zero 
temperature. For example, in cop- 
^ 1^ ,^ ' '- ^^ \ ij per at room temperature (300^K) 
there are about 

1029 

free electrons 
per cubic meter. Surprisingly 
enough, the free electrons gan move 
about within the material, experiencing very little friction 
due to interaction with the atoms forming the material. 
Imagine these electrons all moving in one direction down a 
long cylindrical rod (a wire) oP the material. If 6.21 x 10 
^electrons (i.e., one coulomb of charge) move past each point 
in this wire in one second, one ampere of electricjil current 
is, by definition, said to flQw. Thus the unit of oiectrical 
current is the ampere and one ampere, I, is equal ::o the flow 
of one coulomb of charge, along a wir^e of one second of 
time, t. 

The above discussion raises the next question; how are the 
free electrons in the wire made to move? There are several 
means available to apply a force to an electron; however, the 
only imporant one at this juncture is tos-use the forte of 
attraction between positive and negative charges or similarly 
the force of repulsion between like charges. The basic law 
desr-Vlbinc, these two types of forces is called Coulomb's Law. 
Ihlc, e/per irrpniallv esrablishecJ law states that the force, F, 
netwecn two ceparatcd charges. Q]^ and i^ equal to a con- 
stjnt , K, times t!ie product of the cnarges divided by the square 
of t!\c distance, r, separaiip.p rherii. If L:i*i fo^ce is measured 
in Now tons, charges are in r'oulonbs and Lhe distantie ir. 



measured in meters then the constant K is 9 x 10 "Newton 
Meters per Coulomb^ if the charges are located in air or 
vacuum. K will be different for other materials. If Qi and 
Q2 are t^ie same type- of charge, i.e. either both po^sitive or 
both negative, then the force is one of repulsion, if they are 
of opposite type of charge then the force is one of attraction. 

Next consider the situation of an electron being located 
in the proximity of*' several protons which are held fixed in 
position. The electron experiences a coulomb force as per 

Coulomb's L^w directed toward each 
proton. The net force on the electron 
is a combination of all of the in- 
dividual forces. To determine the 
path along which the electron will 
move due to these combined Coulomb 
forces would obviously be a tiresome 
calculation. Electrical scientists 
have -therefore developed the concept 
of an electric field to simplify this 
prob'lem. The electric field is drawn 
as a number of non- intersecting Anfes 
distributed throughout a volume of space. The direction of 
these lines is the direction of the net Coulomb force while the 
number of lines per square meter of area perpendicular to the 
lines (the ^ensity of lines) is the strength of the net Coulomb 
force. Thus once the electric field is determined the direc- 
tion and strength of the force on a charge located in the fi<2ld 
is known. 

To digress momentarily for a practical example, these Cou- 
lomb forces of attraction are the basis for the operation of 
electrostatic precipitators used in pollut^n control in exhaust 

stacks. A grid of wires in the pre- 
cipitator is charged positive (by the 
removal of electrons) and electrons 
are sprayed on the solid particles in 
the exhaust. These negatively charged 
^ solid particles are atcracted to the 
positively charged wire grid and thus 
removed from the effluent. The elec- 
tric field for the wire grid is simply 
^ lines running outward from the grid 
across the stream of the effluent 
meaning a force exists on the nega- 
tively charged solid particles which 
is more or less perpendicular to the 
diiTectlon of flow of the effluent. ^ 

Returning to electrical theory, next consider moving ofie 
iroulomb of charge along an electric field line agains t the 
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force. Work must be done in moving 
this charge against trhe force. Thus 
the charge will have a poten:ial energy, 
V^, at the end of the movement which is 
larger than the potential energy, Vg, 
at the beginning. The difference be- 
tween these two potential energies is 
called the voltage, V> between these 
two points. If one joule (one Newton- 
meter) of work is done in moving one 
coulomb of charge between two points, 
the difference in potential between * 
these two, points is one volt. 



As a practical example, consider combining lead and 'sul- 
phuric acid properly to form a lead-acicj battery.. This chemi- 
cal combination separates positive and negative charges within 
the battery to form a potential energy difference (voltage) 
between the terminals. If 12 joules of wcJrk are done moving 
one coulomb (6.21 x electrons) from one terminal of the 

batte'rn -to the other, the battery is said to be a 12-volt 
battery. An interesting fact is that it does not matter 
whether we move the charge directly in a straight line between 
the battery posts or move it over some longer route, we will 
still do the same amount of work over either path. . 

In terms of accomplishing something useful, consider 
connecting a wire containing free electrons to the terminals 
of the battery;' let the wire be tungsten as in the , f ilaments 
of a headlight. The free electrons will experij^ce coulomb 
forces and move along the wiie toward the postive terminal of 
the battery. The change in energy of these electrons as they 
move aloi^g t^he wire will be converted to heat and this heat 
will cause the filament to emit light. 

There are many other ways of genercting a voltage between 
two terminals; electric generators, solar cells, thermoelectric 
cells, fuel cells and others. How they operate is not impor- 
tant at this point. What is important here is that there are 
such devices. They are ^ommorily called power supplies, power 
sources, or occasionally voltage sources. 

Reconsidering our headlight examrle for a moment, as the 
electrons in the wire move toward the positive terminal of 
the battery one might conclude that once all electrons in the 
wire reach the positive terminal the headlight would extin- 
guish - this, of course, does not happen. What actually 
happens is that as/the electrons reach the positive terminal 
of the battery they combine with -positive ions in the battery 
and migrate back through the battery to the negative terminal. 
At the same time as electrons move along the wire avay from 
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the Tiegatlve terminal, new electrons 
are given up by the chen^cals through 
the negative terminal into the wire 
replacing those that have jnoved away. 
The net result of all of this movement 
of electrons is that there is a con- 
tinuous movement of electrons com- 
pletely^around the loop consisting of^ 
the wire and the battery. This closed 
loop type of current flow is true of 
all electrical current flow. Because 
of this, it is cordon to compare 
electrical current flow with flow of 
water rln a closed system such a& a pump' 
with pipes connecting the outlet ^nd 
the inlet, of the pump. Since water is incompressible, if water 
flows at any one point in this hydraulic loop, it must flow at 
all points. The complete analogy is, of course, the pump 
representing the battery, the pipe representing the wire, and' 
.the water representing the free electrons* Notice that the 
w^ter flows from the pump outlet ta the pump inlet through the 
pipe but from the^ pump inlet to the pump, outlet thro^i'gh the ^ 
pump. ; Analogously , the electrons flow from minus to plus 
through the wire but from plus to minus through the battery. 

' There is occasionally some confusion regarding the 
direction current flows in a wire. This confusion was caused 
by Benjamin Franklin, believe it or npf. In his early experi- 
* mentation with alectticiy, he knew nofhing 'of electrons and 
photons. In order to explain some of his experimental results 
he theorized the existence of electrical charges which moved 
in the wire. Unfortunately, he arbitrarily guessed^ that 
positive charges were the free charges aud that these positive 
charges moved toward the negative terminal of the battery. 
This, of. course, is the exact opposite of what we now know to 
be the case. However, a considerable amount of electrical cir- 
cuit theory was developed prior to the discovery of the elec--^ 
trbn, this theory being based on Ben Franklin's positive cur-, 
rent flow. Thus, in circuit theory conventional current is 
said to flow toward the negative terminal of the power supply. 
This convention does not cause any problem so long as either 
conventional current or electron current, but not both , is 
used in any given circuit analysis problem. 

In all of the discussions thus far in which any work was 
accomplished^ charges' (electrons) have been moved from one 
point in a circuit to another changing potential energy in 
the process. Specifically, if one coulomb of charge is moved 
through a voltage, of one volt,\one joule of work has takea 
place. If charges are moved continuously at the rate of one 





I 



87 



^ 



P = VI 



W = Pt 



ELECTRICAL 
.CIRCUITS 

CIRCUIT 
CONCEPTS AND 
DEFINITIONS 



V = IR 



coulomb per second along a wire which has one volt connected 
from end to end, one amp of current is flowing and one joulfe 
.of work is taking place per second. One joule of work per 
second is 'called a watt and is a rate of doing work. The rate 
of doing work is called power, P, an^i power is equal to the ^ 
product, of the current times the voltage. If this pov^er is • 
applied "Over some interval of tiiTiC when the energy, W, ex- 
pended will be tl^e power (the rate of doing work). times the 
time period, t, during which the work is being done. 

When a voltage is applied from one end to the other of a 
conductor (a piece of material containing free e^lc':trors) cou- 
lomb forces are experienced by the free electrons cau.Tsing them 
ro move along the coRducto*: , this constitutes a flow of 
electrical current . 

The obV|ioAis question to ask is how much vcltage is 
required to cause one amp of current to flow? Ohm, a scientist, 
eSiperimentally determined this relationship many years ago and 
determined that the required voltage, V, w_ap proportional to • 
the amount of current, T, The constant of proportionality is 
called the resistance, R. This relationship is called Ohm's 
Law, If one volt causes one airp to flow, then the resistance 
is said to be one ohm. 



I = VG 



P - Vi 



P + I R 



P = V G 



Ohm*s Law can be stated reciprocally by saying that the 
current flow through a conductor is proportional to the vol- 
tage across the* conductor . 'Here the constant of proportion- 
ality is called the conductance, G, and is equal to ^the . 
reciprocal of R, the resistance. If one amp cause? one volt 
drop then the conductance is said to be one mho. 

'if a power supply of voltage, V, supplies a current, I,^ 
to a resistance, R, the power heating up the resistance is 
equal to the product of V times I. By substituting Ohm's 
Law into this power equation the power is also equal to the 
current squared times R. By substituting the reciprocal Ohm's 
Law into the power equation, the power equation becomes the 
voltage squared times the conductance. 



Thus far, the principle type of power supply discussed 
has been the battery. A battery is characterized by having 
a terminal vcltage which is essentially constant and does not 
change with time. When this voltag^is connected across a 
resistance the resulting current flow is also constant and , 
does - not change with time. Such a current flov is called 
djject current , frequently abbreviated as DC, It is also 
commonly* though imprecisely called DC current. Similarly, 
the battery voltage is . imprecisely called DC vcltage. 'There 

are many other types of voltage sources 
that are not constant and* do change 
^ with time. Of these variable voltage 
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sources there is a very important ^l^ss whose terminal voltage 
varies sinusoidally v;ith time, reversing polarity in a periodic 
fashion. The electrical generators which -supply electricity 
to your home are examples of this type of voltage source. 
Since the voltage polarity ^-alternates periodically, Ohm*s Law 
says that the current th^s voltage causes to flow in a resis- 
tance likewise alternates periodically, thus this current J 
is called alternating current or AC for short. It is also 
commonly though imprecisely called AC current. and similarly 
the voltage is called AC voltage. ^ 

The length of time, T, in seconds required for an AC 
voltage (or current) to very from zero volts to a positive 
maximum back to zero voltjs to a negative maximum and back to 
zero' again is called the'period of the voltage or current. 
The number of periods which occur per second ( the reciprocal 
of T) is called the frequency, f, of the AC voltage or current. 
If one period (or cycle) occurs in one. second, the frequency 
is called one hertz, abbreviated one hz. The frequency of 
house voltage is 60 hz; i.e. 60 periods occur each second. 

If an AC voltage is. applied across a resistance oHm's Law 
predicts the AC current flow that results. Frequently the in- 
stantaneous current flowing: in the resistance is unimport;ant 
and what is important is the net effect of the AC current. In 
a resistance the^ effect o'f the current is to heat up the 
resistance. For* this ^.eason it is common to'treat the AC 
current (or AC voltage)* as if it were the DC current (or DC 
voltage) that gives the same heajring e'ffect. This is why the 
AC voltage in your house is called 110 volts AC even though 
the actual voltage varied from zero volts to plus 156 volts 
^back to zero volts to minus 156 volts back tb zero volts 60 
times each second. If you were to ^"onnect your livingroom lamp 
to a 110 volt battery it would glow with thf; same brightness 
it now does on your normal house AC voltcge. The effective 
value of a voltage is sometimes called the RMS value which 
stands for root-mean-square, which is a mathematical method of 
^calculating the effective value of an AC voltage. 

Ohm's Law can be used with AC voltages and currents in 
the same manner it is used with DC voltages and current, by 
using the effective values of the AC quantities. For example,* 
if one volt of AC voltage (effective value) is connected 
across a resistance and one amp of curr'eht (effective value) 
flows, the resistance is then one ohm, the same as in the DC 
case; furthermore, the resistance will heat up exactly the 
same for both one amp of AC and one amp of DC. * 

Nptice that; in applying an AC voltage across a resistance, 
current flows according tc Ohm's Law; knowledge of the fre- 
quenc> of the AC was not required in order to determine the 
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current. There are two other important electrical circuit com- 
ponents that also obey Ohm*s Law but for which knowledge of 
^ the frequency is necessarv in order to determine the "resis- 

tance." This frequency dependent resistance is called 
- ^ reactance, X. . ^ 

One of these two frequency dependent elements is a coil 
of wire and operates on the basis of the magnetic, field around 
the coil. It is called an inductance, L. The unit of induc- 
tance is |he henry. The "resistance" of this inductance to 
X + 2'"fL the flow of AC currei^t is called the inductive reactance, X^. 

^ This inductive reactance is proportional to the frequency of 

the AC times the inductance of the coil. If- two pi is used 
V = IX for the constant of proportionality the inductive reactance 

h^as the units of ohms and Ohm's Law applies directly. 

— ^ ' The other type of frequency dependent circuit element 

consists of a pair-of flat conducting plates separated by a 
non-conducting material (an insulator) and operates on the 
^ basis of the electric field between the plates. It is called 

X = a capacitance, C. Th^ unit of capacitance is the farad. The 

"resistance" oZ this capacitance to the f}.ow of AC current is 
^ called the capa'fcjitive reactance. This capacitive reactance 

V = IX * is inversely proportional to the product of frequency times 

capacitance. If the constant of proportionality is the 
reciprocal of two pi\then the capacitive* reactance has the 
units of ohms and Ohm's Law applies directly. 

The product of two pi times Hihe frequency occurs quite 
= 2'^f ] or ten in AC circuit calculations and is commonly given the 

. . . Green symbol f^mega,<^ , ard is called the frequency in radians 

per second./ 

V 

S ='i ^ — — - The reciprocal Ohm's Law also applies "to both inductive 

1 Xj ~ 2'^fL Yeactance and capaoitive reactance. The reciprocal of in- 
^ I ^ ductive reactance is called inductive susceptance, S^J^and 

X ~ ' the reciprocal of capacitive reactance is called capacitive 
^" susceptance, S^. The reciprocal Ohm's Law applies to both 

" ' L S{ and Sq. 

^ ' ^^c One other AC circuit element commonly encountered is the' 

transformer. A transformer consists of two^ coils of wire 
wound on the same core. The coil connected to the source 
of power in a circuit is called the primary winding. The coll 
. connected to the load (circuit element consuming power) is 
called the seccSndary winding. The principle property of a 
transformer is that AC power can be transferred from one 
circuit to another via the magnetic field coupling the primary 
to tie secondary with no direct wire connections required. 

If the number of turns in the primary coil differs from 

90 



1/ 



s n 



N the number^ of turns in the secondary coil the secondary coil 

n = — will not be the same as the primary voltage. A transformer 

turns ratio, n, is defined as the ratio of the secondary turns, 
Ng, to the primary turns, N . The secondary voltage i^ n 
times the primary voltage. If n is greater than one the 
~ "^'^ transformer is called a step-up transformer and if n is less 

^ ^ - V I thsin one it is called a step-dovm transformer. • 

. p p s s 

The transformer itself consumes almost no power (ideally 
I no power at all). Therefore, the power is delivered to the 

I ' = — 2. primary by the source of power is the same as the power 

delivered to the load the seccJ^^dary. Thus a transformer 
that, steps up voltage must step c wn current and vice versa. 

Standardized^symbols have been established for the various 
circuit elements when used in circuit diagrams. Table 5-1 shows 
the standardized symbols-. The wire connecting the elements is 
usually drawn as a thin line and is assumed to have such a low 
resistance that there is zero voltage drop fjrom one end to the 
other. The common wire, sometimes called groundwire, is fre- 
quently not drawn in a schematic diagram. Instead a ground 
symbol is used to indicate a connection to *the common wire. 

. TABLE 5-1 
COMMON ELECTRICAL SmOLS 

« 

Symbol ' Circuit Element 

'^Q^ — Generalized Voltage^ Source 



■e- 



■e- 




Generalized Current Source 
Battery 

AC Voltage Source • 
Connecting Wire 
Ground Symbol 

Resistance (or conductance) 
Inductance 



^ j Capacitance 

Transformer 



Thus far in this chapter various electricl quantities have 
been discussed such as volts, amps-, ohms, etc. Frequently 
these basic units av^ much too large or nuch too small for 
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convenience in calculations or discussion. Rather than re- 
peatedly using powers of ten it is nore convenient to use 
prefixes representing these powers of ten. Table 5-2 lists 
those in common use. 



By far the most important electrical circuit theorem of 
all the many theorems has already been introduced, namely 
Ohm's Law. This law was discussed in conjunction with the 

very simplest electrical circuit , 
possible, a battery conhected across 
a resistance. If the circuit is . 
drawn out using the various standard 
symbols previously listed, this cir- 

cuit drawing is known as a scheniatic - 

circuit diagram. Ohm's* Law jjescribes the current flow, in this 
circuit in terms of the battery voltage and the resistance value 




TABLE 5-2 





COMMON 


METRIC PREFIXES 
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Power 








of ten 


Prefix 


Example 


Abbreviatrion 




pico 


pi CO amp 


pa 


10-9 


nano 


nanovolt 


nv 






•< 




10-^ 


micro 


microwatt 


yw 


10-3 


railli 


milliohm 


mfi 


10* 


none 


amp 


a 




kilo 


kilovolt 


kv 




;nega 


megawatt 


MW 


0 

10' 


Giga 


gigahertz 


ghz 



The battery and the resistance are connected together in 
this circuit in a "head-to-toe'* fashion; such a circuit is 
know^ as a "series" circuit. This simple series circuit can 
be expanded to include nlore batteries and more resistances by 

connecting additional elements in a 
similar head-to-toe fashion. The en- 
larged circuit is still called a series 
circuit and can include both AC and DC 
power sources as well as resistances, 
inductances and capacitances. 



tnr 



In a series circuit, the current that flows out of one 
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Glement of the circuit must flow ir.to the next element in the 
circuit; otherwise, electrons would either he disappearing, or 
being-^gen^rated at the connection between the two elements — 
th-e^pri^nciple of conservation of mass says tfhis ia impossible.. 
Therefore, the same current flows through all elements in a 
series circuit. 

The first question to ask regarding a series circuit con- 
taining several resistances and several voltage sources is, 

how much current flows? A scientist' 

-tn ] named Kirchoff st^udied this problem 

TJY* > ^ many years ago and derived a theorem 

answering this question. The theroem 
is known as Kirchoff 's First Law. Kirchoff 's First Law states 
that in a series circuit the sum of the volate "drops" across 
all of the resistors in the circuit is equal to the algebraic 
sum of all of the voltage sources in the circuit. This means 
that to determine the current flow in a series circuit, replace 
all the resistors in the circuit with a single resistor, Rj, 
which is equal to the sum of all the series resistors and re- 
place all the batteries in the circuit with a single battery, 
Vj, eqwal to the algebraic sum of all the ser ies^batter ies , 
then use Ohm's Law 'on this "equivalent" circuit to determine 
the current flow. Notice that if several of' the batteries 
individually would force currert tp flow in th^ same direction, 
these battery voltages should be added together; those bat- 
teries that would force current in the opposite direction should 
be subtracted to obtain the total voltage, Vj. All resistances 
are positive, therefore, they always add only. 

Another wav of determining the current in a series circuit 
containing several power sources and several resistances is 
to use the part of Kirchoff *s First Lav that states that the 
total resistance is equal to the sum of the individual resis- 
tances, and another theorem called the Superposition Theorem. 
The Suoerposition Theorem states that the 'total effect of 
several power sources can be determined by calculating the 
effect of each power source separately as if it were the only 
power source in the circuit and then algebraically adding the 
individual currents to determine the total current. 

All series circuit theorem apply equally well to AC cir- 
cuits as they do to DC circuits, except that in AC series 
circuits only like kinds of "resistances" can be added together 
directly. Tnat is to say, only resistances can be added to 
resistances, only inductive reactances can be added to in- 
ductive reactances, and only capacitiv^ reactances can be 
added to capacitive reactances. 

In AC circuits it is common to call the "resistance" to 
the flow of AC current the impedance to the flow, this 
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f itnpedance, Z, being the "resistance" to AC current flow by any 
/ one of the three types of circuit elements, resistance, induc- 
tive reactance, or capacitive reactance, or the impedance to 
current flow caused by any combination of the three types di 
elements. 

If both inductive reactances and capacitive reactances 
- X occur together in a series circuit, the net impedance is 
T S determined by adding all inductive reactances together then 
subtracting the sum of all capacitive reactances from this. 
If the sign of the total is positive, the net impedance is 
inductive reactance. If the sign is negative, the net impe- 
dance is capacitive reactance. 

If the resistances and r.eactances are combined in the same 
circuit, they cannot be combined directly. .In a series cir- 
cuit the total" impedance to AC current flow is determined by 
takirtg the square root of the sum of the total resistance 
squared plus the net reactance squared. The current flow is 
determined by applying Ohm's Law to the total impedance and 
the total voltage. 

Another very important type of electrical circuit is one 
in which more than -one resistance is connected across the same 

battery. This type of circuit is called 
a "parallel" circuit. Ohm's Law still 
fGs applies to this circuit but the current 
through each path must be calculated 
sepajrately and the current supplied by 
the battery, I^, is the sum of the currents through each con- 
ductance. 

Kirchoff studied the parallel circuit many years igo and 
formulated this type of circuit calculation in a law known as 
Kirchoff 's Second Law. This law states that at any point in 
an electrical dircuit the current flowing into the point is 
equal to the current flowing out of the point. This means 
that if the current, Ij,-from the battery flows into, the point 
connecting the various parallel resistors, then the sua of 
the currents flowing out of the junction point into the in- 
dividual resistor must be equal to this incoming battery 
current. This infers *that to determine the Current flow from 
the battery in a parallel circuit, replace all the conductances 
in parallel by a conductance equal to the sum of the individual 
conductances, then to determine the battery current, apply the ^ 
^ reciprocal Ohm's Law to the resulting total conductance. 

In applying Kirchoff 's Second Law to AC parallel circuits, 
it is convenient to perform the calcula*:'.on8 in terms of the 
reciprocal impedance quantities. The reciprocal of the Impe- 

i dance is known as the admittance, Y. In combining parallel 

Z 




I3 = VG3 



2^3 
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elements logethet , "again as in series circuits, only like 
admittances can b^' added t.ogether; only conductances cart be 
added to conductances only inductive susceptances can be 
added to inductive susceptances* and only capacltive suscep- 
tances can be added to capacltive susceptances. 



If both inductive susceptances and capacltive suscep- 
tances occur in a parallel circuit, the admittance is deter- 
mined by adding together all of the capacltive susceptances 
then subtracting all inductive susceptances from this suih. 
If the sign of the total is positive, the net admittance is 
capacltive susceptance. wif the sign is neg-^tiver the net 
admittance is inductive susceptance. 



■i 
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if conductances ar^jl susceptances are combined in the ^ 
same circuit they cannot be combined directly. In a parallel 
circuit the to'tal admittance ' " AC current flow from the power 
source is .determined by taking the square root of the sum of 
the total conductance squared plus the net susceptance squared. 
The power source current is determined by' applying the 
reciprocaV'ohm's Law to the total admittance. 

While many electrical circuits are eithei series circuits 
or parallel circuits, frequently more complex circuits are 
encountered which ate a combination of both series and parallel 
sections. If such circuits consist of only one kind 6f circuit 
element, such as resistance only, then these circuits can be 
analyzed using the series and parallel methods previously 
described on one branch of the circuit at a time. FC)r example, 
if a circuit has one resistor in series with two resistors 
in parallel, the battery current can be determined by first 
combining the two parallel conductances then combining the 
resulting total conductance with the single series resistance 
and then applying Ohm's Law. More complex circui ts. merely 
require more calculations. If a series-parallel circuit con- 
tains both resistances and reactances » the calculations are 
more complicated and will not be discussed here. 



ELECTRONICS 

ELECTRONIC 
AMPLIFICATION 



Quite frequently in making environmental quality measure- 
ments, the electrical quantities (voltage or current) generated 
by the basic device sensing che environment are very small and 
difficult to detect. In order {o increase the detectability 
of these ^electrical quantities, electronic amplifiers are 
necessary. If the electrical quantity generated by the measur-' 
ing device (known as the "transducer**) is fed into an ampli- 
fier, the amplifier is controlled by this *'lnput signal" and • 
generates an "output signal** which is proportional to the 
input signal. The constant of proportf onrlity is called the 
"gain**. A, of the amplifiers. 

' There are f^ur basic types of electronic amplifiers. .One 
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is the voltage amplifier, which re^iuires a voll;4ge signal dit- 
put and amplifies thib voltage signal tc a larger volrage out- 
put. The second tvpc is the current amplifier which requires 
a current sigra^l input aad^amplif ies this current signal to 
give a larger current output. A third type of. amplifier is 
the transcnnductance amplifier. This type of amplifier 
requires an input voltage signal. Tnis voltage signal is 
amplified and converted to an outpat current which is propor- 
tional to the input volta-^e. The last general cype cf ampli- 
fier .is the transresiscance amplifier. This amplifier rccuires 
dn input f:urrent signal. This current is amplified and con- 
verted to an output voltage which is proportional to the 
ipput current. 

By far the most coirmion kind of electronic amplifier en- 
countered in environmental quality monitoring is the voltage 
amplifer. This will be the onhy type of amplifier discussed 

in detail. The schematic symbol for 
a voltage amplifier is an isoceles 
triangle with the base drawn verti- 
cally. The input voltage, Vi, is 
connected between the base of the 

• — - triangle and the common wire between 

the input and the output. 'i;he output voltage, Vq, is taken 
from between ^he apex of -the triangle and the common. The 
voltage gain of the amplifier. Ay, usually written inside 
the triangle. The voltage gain can either be a positive number 
A V, or a negative number. ^ If the voltage gain is positive then the 

output voltage has the sare sign as the input voltage. However, 
if the voltage amplification is negative then the output vol- 
tage will Tiav^ the opoosite sign from the Input voltage. 

' It would appear from thls^ descript ion ot the voltage 
amplifier that it has proper tTeV-A^^ry much like those of a 
transformer.^' However, recall that ^rt a^transf ormer when the 
output voltage is increased over the input 'Voltage then the 
output curte'nt is decreased over the input current. In other 
words, the power pa^ed through the transfor^sr is unaffected 
by the ♦:L-ansformer.'>^his is not true in electronic amplifiers. 
In all practical cases where the amplifier is properly designed 
the power available from the output of the amplifer is sub- 
stantially larger than the power available from the source 
connected to the input to th€ amplifier. That is to say that 
not only does the amplifier amplify the input voltage, but 
also gives rise to power amplification as well. 

As an example of using "a voltage amplifier consider measur- 
ing the temperature of an effluent emptying into a stream by 
using a thermocouple, TC. A thermocouple is mad^ by spotwelding 
two different metals together, A small voltage, V^.^, is 
generated by the thermocouple proportional to the temperature 
of rhe chermocoupl^. This voltage is only a few microvolts 
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(10~^) volts) over the range of temperatures encountered in 

effluents. Therefore, in order to 
read the TC voltage on a relatively 
inexpensive voltmeter, VM, with a few 
volts scale, it is necessary to amp- 
lify the TC voltage with an amplifier 
having a voltage gain of around one 
million. ,The voltmeter scale of course would not be pri4ited 
in valts, but rather 'in temperature. Thus, by proper cali- 
bration of the thermocouple, voltage amplifier, and volt- 
meter, the reading.'on the meter would indicate the temperature 
of the effluent within the accuracy of the calibrat.ion. (Note: 
for this type of temperature measurement to be repeatable, 
the ends of the two TC wires connected to the amplifier and 
the common must be maintained at a fixed reference tempera- 
ture.) 



The diagrams and discussions on electronic amplifiers 
thus far hava been misleading in one respect; that is that it 
would appear that amplifi^.rs are sources of energy within 
themselves — This is net cr-iC. Amplifiers are passive devices 
arid are not power soiirces ac ail, but rather they are control 
valves controlling the flow of power ftcr. power supplies to the 
output of the amplifier. The power supplies are called bias 
supplies and by convention are now shown in the dLigrams; If 

these bias supplies were drawn in the 
diagram they would consist of a battery 
of power supply Vcc positive with re- 
spect to the commcn and a battery or 
power supply » Vss, negative with respect 
to the -cmTion. If the amplifier output 
voltage is positive, this means that 
the input voltage is causing the ampli- 
fier to valve power from the positive 
power supply to the output. If ths 
amplifier output voltage is negative, 
then the input voltage is amplifier to valve power 

from the negative power supply to the output. This type of 
valvelike control is true of all types of amplifier^. So long 
as the power supplies are adequate, they have no direct bearing 
on the performance of the amplifier and therefore they are 
commonly left out of the schematic diagram and the discussion. 




common 



In many amplifier applications it is necessary to pass 
signals that change very slowly with time. That is to say, 
these signals appear to be essentially DC signals. Amplifiers 
that have this requitement do not use any capacitors in the 
circuit and are called DC amplifiers, \vhlle they will amplify 
DC signals th^y will also amplify AC signals sometimes to very 
high frequencies. However, because they do amplify DC signals 
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they are called DC Amp'.lf lers On the other hand, there are a 
large number of amplifiers that will not amplify very, very 
low frequencies or DC. Thase anpliiiers do contain capacitors 
through whicn the signal must pas^ and are called AC amplifiers. 
These types of amplifiers have a property known as low fre- 
quency cut-off. This mear^s tnaL f^r Ai: signals below a cer- 
tain frequency the amplifier perfonr.s .^ery poorly and does not 
have the voltage gain, Av, for signals with frequencies below 
chis cut-off frequency. 



All amplifiers have a limit as to how high a frequency 
they will amplify. The frequency beyond which the voltage 
amplification begins to deteriorate is called the high fre- 
quency cut-off. Above this frequency, the voltage gain is 
poor. Amplifiers should not used for frequencies below 
th€ lower cut-off fr^ciu^ncv or above the upper cut-off fre- 
quency . 



While the 
device w;?ose sc 
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amplifier has been represented as a simple 
hematic synool is An isoceles triangle, there 
are actually very few amplifiers that can be 
bouthg that inerely require the connecting cf 
bias power supplies, the input, and the output. 
Much tnoie' commonly the amplifier consists of 
an amplifying device that requires several 
sddirtional circuit compor.ents such as resistors 
and capacitors in order to function as an 
aipplifier. For example, a transistor is con- 
sidered an amplifier but in order to function 
•properly it must have r.ot only bias power 
supplies but biasing resistors and coupling 
cap^citcrB in-order to function prcperljgl 
This comOination of resistors, capacitX)rs and 
the transistor is the amplifier. If the tran- 
sistor amplifier is a DC amplifier there are 
no capacitore. If it ±e an AC amplifier then 
there will be both coupling capacitors, C^, and 
by-pasG capacitoi's, Cr, which serve to allow the 
amplifier to function properly and amplify AC 
signals but not DC signals. When a aircuit is 
drawn containing a wire marlred (^) or (-) , this 
means that the wi\*e is* coi^nected to a bias power 
supply of that polarity with respect to the 
common . 

In older equipment built before the advent 
of the transistor, vacuum tvbes were commonly 
used as the srrplifying element in amplifiers. 
These, devices required bias resistors and coup- 
lin,^ capacitors similar to those required in 
transistor ?implifiers. In addition to this, 
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vacuutn cu^es Loquired an electrically 'heated 
fila^r.ont in order to operate properly. This 
required av nddiLional bias supply kuovm as the 
filament:, power supply, V^. Vacuum tubes are 
rjiely found in modern day environmental measure- 
ment r*nd control equipment. , 

In the \iery newest of electronic environ- 
mental monitoring equipment an amplifying device 
known as an operational amplifier is used for 
the amplifying element. Operational amplifiers 
can be used very much like the ideal amplifier 
represented by the isoceles triangle by merely 
connecting the bias power supplies, the input, 
and the output, the system is an amplifier. 
However, used in this fashion the voltage gain. 
Ay, is very large and in fact, so large that it 
tends to be of limited use. By the addition of 
external resistors, this voltage gain can be 
reduced to whatever value is desired. By the 
proper connection of these gain control resistors, 
it is possible to build an amplifier with a 
positive amplification factor or with a negative 
amplification factor . 

One very^ important kind of circuit that can 
be built using any of the devices described 
above is a device with a voltage gain of positive 
one. These amplifiers are known as source 'fol~ 
lower amplifiers since the voltage gain is one, 
then""o5vlouSly irhe amplifier is not a voltage 
amplifier. However, it is a very substantial' 
power amplifier and it is used in applications 
where the signal source has inadequate power to 
operate the desired load. Thus, the amplifier 
actually supplies power to the load while the 
source merely controls the amplifier. 



DIGITAL In a great many environmentfil monitoring unita, the para- 

ELECTRONICS meter being monitored is either displayed on a panel meter 

or recorded on a pen recorder or .in some cases, both. However, 
as electronic technology advances and the r^equirement for auto- 
matic computer processing of data increases, the information 
is displayed in forms of digits, much like a digital clock or 
a digital thermometer anc^ quite frequenlty it is also recorded 
in digital form.* The digital display generally is in the form 
of the conventional arable numerals, 0 through 9. However, it 
is inconvenient -o record in this form, therefore a different 
numbering system is used fo Mgital recording. This numbering 
system is called the binary numbering system and consists of 
two digits, a 0 and a 1. This obviously is convenient for 
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recording in that it represents , -for example, in recording data 
in punched paper tafpe, no punch at a particular location on the 
tape represents a zero and a hole punched at that location would 
represent a one. Unfortunately, the reading of this kind of 
numerical data is more difficult for humans who are familiar 
with the conventional decimal counting system. 



Recall 
figure to 



X 10^ 
X 10' 



765 



I X 2^ 
I X 2' 
I X 2^ 



(Decimol 7) 



that in the decimal numbering system, the first 
the left of the decimal point is called the units 
figure. The second figure is called the tens 
figure. The third figure is called the hun- 
dreds figure and so on. In terms of pcv'ers of 
ten, this means the first position to the left 
of the decimal is multiplied ^by 10 , the next 
position is multiplied by 10 , the next position 
multiplied 10 , fete. The reason for this power 
of 10 method of representing the number is 
because there are ten symbols used in the deci- 
mal numbering system, 0 through 9. A numerical 
quantity can be represented in a very similar 
fashion by using the binary system which has 
only two symbols, 0 and 1. The first symbol to 
the left of the decimal in the binary is muli- 
plied by 2^ because there are twp symbols. The 
second position to the left of the decimal is 
multiplied by 2^. The third position is multi- 
plied by 2^. The foui;th position is multiplied 
by 2-^, etc. Thus, if we were to count from 0 
to 9 using binary symbols, a 0 would be repre- 
sented by four zeros to the left of the decimal 
point. A one would be represented by a 1 in 
the first position to the left of the decimal 
followed by 3 zeros. A 2 would be represented ^ 
by a zero next to the decimal point, then a 1 
then two zeros, etc. 

There are several different kinds of^ recording d.evices for 
the recording of these types of digital numbers, such as punched 
paper tape, pifnched ^per cards and magnetic tape recorders. 
Since the information from the measuring equipment generally 
is in the form of a voltage proportional to the value of the 
parameter, this voltage must somehow be converted to this binary 
number in order to be recorded or to the decimal in order to be 

displayed in decimal form. This process 
of converting this voltage, which is 
known as an analog voltage, to the 
digital form is called analog-to-digital 
conversion of ADC, for short. For the 
sake of con^pleteness it is worth nothing 
that it is possible to convert the 
digital signal back to an analog voltage 
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by the process known as digital-to-analog conversion, or DAC, 
for short. The process of analog-to-digital conversion is 
rather sophisticated and beyond the scope of this text. It 
will suffice to ^ay that for the purposes here the way to make 
the analog-to-digital conversion is to buy a device known as 
an ADC. This device is biased according to the specification 
requirements and the input is connected to the input terminal 
and voltages representing the digital number are produced at 
the output terminals. 



in 

Truth 

Vin 



0 Low 
I'High 



JabU 
Vput 



1 High 
0 Low 







Vout 


0 


0 


0 


1 . 


0 


0 


0 

1 


1 
1 


0 

1 



5> 



Vi„, 




Vout 


0 


0 


0 


1 


0 


1 


0 

1 


1 
1 


1 
1 



^out 



•Vout 



-Vout 



Occasionally, these various types of digital 
signals must be processed or manipulated in some 
manner. Electrically speaking a binary 1 is 
represented by a high voltage while a binary 0 
is represented by 0 volts. The simplest kind of 
electronic processor for manipulating these 
digital voltages is the inverter circuit. The 
symbol for the inverter is a simple amplifier. 
The inverter performs a function that if a zero 
signal is applied to the input, a one signal will 
occur at the output* and vise-versa. A truth 
table can be .written for this kind of device 
comparing input to output for "both input pos- 
sibilities, a 0 and a 1. Another common type ^f 
digital circuit is known as the AND gate.' This 
device has two inputs or more and is character- 
ized by the occurrence of a 1 at the output if 
all of the inputs are 1, and a 0 at the output 
for all other input possibilities. The symbol 
for the AND gate is a half moon. The OR gate 
is another digital d/evice similar to the AND 
gate except that a 1 occurs at the out.'>ut of 
the OR gate whenever any of the inputs are 1 ' 
and a 0 occurs at the output if all the inputs 
are 0. The last fundamental device for digital 
signal processing is known as the flip-flop. 
This device is characterized by holding either 
a 1 or a To at the output whenever the input is 
pulsed accordingly . This , if a 1 is pulsed into 
the input, the output will indefinitely remain 1 
until such time as a 0 is pulsed into the input, 
then the output will remain at 0. The flip-flop 
is used as an information storage device. 



There are many, many other types of digital circuit ele- 
ments; however, they can all be generated by comb4.nations of 
the four elements just described. For example, if an AND gate 
is followed by an inverter, this combination device is known 
as a NAND gate. Likewise, an OR g^ge 'followed by an inverter 
is known as a NOR gate. 
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the other direction, 
to direct current. 



There are a variety of other 
specialized electronic circuits that 
should be described for the sake of 
completeness. One such circuit is the 
rectifier circuit. The basic element 
used in a^rectifier circuit is a diode. 
This device will conduct current* in 
the direction of the arrow but not in 
It is used to convert alternating current 



ELECTRONIC 
ENVIRONMENTAL 
MONITORING 
SYSTEMS 



A general class of electronic circuits' that is of con- 
siderable importance in instrumentation is the oscillator cir- 
cuit. Oscillator circuits .are characterized by having no in- 
put but merely bias supplies and an output. The oscillator^ 
converts power from the bias power supplies to an output 
signal. The output signal can be a sine wave or a squane wave 
or other types of waves such as triangular waves, ^ sawtooth 
waves, ?tc. These circuits are constructed using various: 
kinds of amplifiers, resistors, and capacitors. Another 
related circuit is the pulse generator circuit. This circuit 
generates an electrical pulse of some pre-det^rmined duration 
at the occurrence of the proper/ input signal. These circuits 
are sometimes called mono-stable multivibrator circuits or 
single-^hot multivibrator circuits. They are used where it 
is important to actuate some other electronic component or 
circuit on a momentary basis. 
«^ 

Another important circuit used to generate warning sig- 
,nals when dangerous thresholds are exceeded is the voltage 

comparator circuit. It contains two 
inputs, the signal input and a refer- 
ence voltage input. Whenever the in- 
put signal exceeds the reference vol- 
tage, the output is a high volrage, 
and whenever the inp-ut signal is 
0 'less than the reference voltage, the 

output is zero volts. 

The list of specialized electronic circuits is unlimited; 
however, one factor to be recognized in these types of cir- 
cuits is that they are generally sophisticated combinations 
of all of the various components and circuits previously 
described. The number of such types of circuits is limited 
only by the imagination. of the electronics circuits designers. 

There are a great many different kinds of environmental 
monitoring systems for monitoring all kinds of environmental 
parameters such as temperature, wind speed, particulate matter 
in air, pH of water, and on and on in an unlimited list. 
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However, any or all of thes/- systems can be described in a 
generafl way by i^' block diagram indicating the principal 
elements required for any instrumentation system* The first 
element in the block diagrah is a* device known as the trans- 
ducer. This transducer is the device which 
converts the parameter value being "measured 
ipto an electrical sigral* For example, a 
thermocouple converts the temperature into a 
voltage, or the pH electrodes used in pH 
measurement converts the pH of the water into 
*an electrical signal, etc. 




R«cord«r 



ADC 
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Digital 
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Supply 



' ' Generally speaking, the transducer outpur. 
is inadequate to operate a recording instrument ^ 
directly, therefore the electrical output of 
the transducer must be electronically processed 
in order to make it useful. This normally is 
done by an electronic amplifier, any one of 
the type9 that have been described previously. 
In the simplest of monitoring systems, the 
next element of the system woula "be a* simple 
panel meter calibrated^to read the parameter 
value being monitored. This output device can 
be extendi to include a pen recorder for 
continuous monitoring of the parameter valr-^ . 

If the monitoring system is to include some 
type of digital display or digital recording 
for the^&itput, then it is necessary to connect 
the amplifier output to an analog-to-digital 
converter. The digital output of the ADC can 
then be used to pperate the digital display or 
the digital type recorder for continuous digital 
monitoring. 



The last block that is required of all environmental 
monitoring systems* is the power supply* Power supplies for 
monitoring systems vary widely depending upon the monitoriiig 
s.ystem requirements. If the monitoring site is to be located 
near a source of commercial power, then the- power sbpply can 
be a simple commercial power supply which Converts the 110 
volts AC line power to the voltage and currents required to 
operate the environmental monitor and its recording equipment. 
This type lof power supply is by far tjie most inexpensive and 
reliable of any of the various types of power supplies available 

In the event the monitoring site is remotely located, so 
that there is- no AC line power available, then the most common 
kind of power supply for this application is batteries, 
generally speaking some kind of rechargable storage battery, 
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Such as lead-acid battery similar to your car battery or a 
nickel--cadmium battery which is more reliable than the lead- 
acid type. When monitoring systems are operated on batteries 
of tHis type, the batteries must then be mainrain^.d and re- 
charged on some periodic basis. In the event that this type 
of remote monitoring is required to operate for long pexiods 
of time unattended, it is then necessary to use auxiliary 
battery charging equipment. , The two types that are in common 
use are the sojar panel which will recharge the batteries 
during the daytime from sunlight and the thermoelectric 
generator, which is a device that converts the heat generated 
by bu^bning propane into an electrical current to recharge- the 
batteries. 

'Quite often equipment is made highly portable so that 
it can^ibe carried from one location to another for grab- 
sample type of recording. This type of portable equipmetrr 
falls into two categories. One is the light-weight, hand 
carried kind of equipment, while the other is what is ci«#si- 
fled moref precisely as mobile monitoring equipment which 
is mounted permai;iently in some type of vehicle. For the 
lightweight hand carried type of equipment, the power supply 
is generally the nonrechargeable battery pack, mxich like your 
transistor radio battery, while the mobile monitoring 'equip- 
ment is usually operated by the battery of the vehicle. 

Before concluding this chapter -on electricity, electro- 
nics and instrumeritation, some description of the various 
typee of transducers used in environmental monitoring should 
be included. These transducers fall generally into three 
classes; those used to measure mlcrometeorological parameters; 
"those used to mea^ire air pollution parameters; and those used 
to measure water pollution parameters. These various types of 
transdulfers will be discussed in sequence. 

The first type of transducers to be discussed will be 
those used for monitoring micrometeorological information.^ 
The important parameters in this area are temperature, wind 
speed, wind direction, humidity and solar radiation^ 

There are three common transducers used for measuring 
temperature. They are the thermocouple* the semi-conductor 
thermistor and the platinum resistance thermometer. The 
thermocouple, is constructed by welding two dissimilar metals 
together. A voltage is generated within this thermocouple 
junction which increases more or less linearly with increag- . 
ing temperature; however, for precise temperature measure^ 
ments using a thermocouple, a very precise reference tem- 
perature transducer is a small resistance device made from 
semi-conductor ^materials such as silicon .or germanium. Ttie 
resistance of this type of transducer decreases yith increasing 
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temperature. Thus, by running a coastant currejit through the 
thermistor a voltage Is generated which decreases with in- 
creasing temperature:;^ In using thermistors care must be 
taken to account for ^he heat generated within the thermistor"^ 
due to the current flowing in the thermistor. The platinum 
resistance thermometer is thk more or less standard f or ■ 
accurate temperature measurements in meteorological temperature 
measurements. The platinum resistance transducer is sinjilar 
to the thermistor in that the resistance of the platinum ele- 
ment varies with temperature. However, for the platinum ' 
resistance element, the resistance increases with increasing 
temperature. Thus, by running a constant current through the 
platinum resistor the voltage generated across the resistor 
increases with increasing temperature. 

There are two types of wind speed transducers in general 
use. One operates by attaching a small electrical generator 
.to the shaft of the rotating anemoioei^fir . A voltage is 
generated by* this generator proportional to the rate at which 
the anemometer rotates' which is proportional to th^ wind speed. 
This type is the most convenient to use electronically. The * 
other type is a device which has a contact mounted pn the shaft 
of the rotating anemometer. This contact opens and closes as 
the shaft rotates and the number closures that oyur per 
second is a measure of the wind speed. This type is quite 
convenient for use in digital wind measuring systems. 

As in wind speed measurements there are also two general 
types of wind direction transducers used to measure wind 
direction. One connects a variable resistor to thte shaft of 
a wind vane. The resistance increases with increasing angle 
ffom North. A constant current is run through this resistance 
generating a voltage which increases with increasing wind 
direction from zero to 360°. The second type of wind direction 
transducer is one in which there are multiple contacts conu^^cted 
to the wind vane shaft and the dir^tlon is detera\ined by which 
fontact is closed. Normally 16 qfontacts are used. This 
technique suffers from a lack of resolution as to the precise 
wind' direction. 

Accurate humidity measurements are very difficult to ob- 
tain because of the fact that th<^re are very few accurate 
humidity transducers. The two that are in somewhat common 
use are the carbon-film transducer wlich is simply a resistor 
which absorbs moisture from the air and the resistance changes 
with this absorbed moisture so* that the .conductance of the car- 
bon film element increases with increasing humidity. And 
again, a current is run through this resistance generating a 
voltage which is proportional to humidity. The other type of 
humidity transducer is one in wbich a mirror is cooled 
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thermo-electrically the dew point is reached and the 

mirror collects moisture affecting its reflecCivity at the 
dew point. The dew point temperature, which is a measure of 
humidity, is then measured by ont of the aforementioned tem- 
perature measuring methods. One other technique that has 
been used to some degree is the wet bulb-dry bulb temperature 
measurement where the temperature of a wet bSlb thermometer 
is measured and compared with the temperature of the dry bulb, 
the difference being ^ measure of humidity. 

The most common type of solar radiometer is the so-called 
sun battery. This is a semi-conductor device which converts 
sunlight directly to an electrical voltage. 'Optical filters 
are placed over the solAr parels in order to distinguish the 
l^.ght intensity at various wavelengths throughout the visible, 
infra-red and ultra-violet spectrum. One other technique 
occasionally uses a device called a thermopile. This device 
absorbs heat rays from the sunlight and is heated up to ^ 
temperature related to the amount of sunlight incident on the 
thermopile. The temperature of the thermopile is then 
measured as a measure of solar radiation. 

Air quality monitoring transducers fall into two princi-' 
pal categories: Those which measure gaseoi/s constituents in 
the air and those which measure particulate matter. A third 
parameter which is occasionally coiisidered as an air pollu- 
tant is noise. However, strictly speaking, the air is only 
the carrier of this type of pollutant. 

There are a number of techniques available for monitor- 
ing various kinds of polluting gases. Only the principal Ores 
will be described here. A very common method is called color- 
imetry. In colorimetry, the gas sample is passed through an 
aqueous solution the color of which will be determined by the 
concentration of the gas being measured. Electrical signals ' 
are generated using appropriate light sources and photocells. 
The photocells generate a voltage proportional to the con- 
centration of the gas being monitored. Gas chromatography 
is another very common technique in which the vapor is burned 
and the optical spectrum of the resulting' flame is measured 
by photocells.- A device known as a flame ionization detector 
is a common device used for gas chromatography. 

In measuring particjulate matter in the air, a very common 
technique is a simple light source and photocell, the combin- 
ation of which is known as an-opacity light meter. The total 
particulate volume car. be measured in this manner using a 
large cross section light source and photocell. The size dis- 
tribution df the particles' can be determined by using a much 
smaller light 'source and photocell and noting the amount of 
absorption associated with each particle as it passed through^ 
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the light beam. Another method is one in which the air 
sample is passed through a thin mechanical filter, usually a 
piece of paper tape containing chemicals. The particles are 
collected by the paper tape causing the paper tape to darken 
and the amount of darkening is measured by a light bulb and 
photocell. 

Noise is of course, the very simplest kind of air 
pollution to measure in that the transducer is nothing mor^ 
than a conventional microphone. 

The most important parameters to measure in determining 
water quality are dissolved solids, dissolved salts, particles 
held in suspension, pH, 'temperature and dissolved gases. 

The most cotranpn technique used for measuring dissolved 
solids is the colorimetr Ic method described above. The 
measurement of 'dissolved salts is done by running a current 
through the water sample and measuring the voltage across the 
electrodes inserted into the water sample. The voltage will 
be proporti^onal to the amount bf dissolved salts. 

Water containing particles in suspension is known as 
•turbid water. The turbidity is measured using the opacity 
light meter as {Previously described. pH is measured by 
inserting pH electrodes in the water, A voltage is generated 
by the electrodes proportional to the'pH. A similar technique 
is used in measuring most dissolved gases. Specific electrodes 
are sensitive to specific types of dissolved gases. Tempera- 
£ure measurements are made in much the same manner as tem- 
perature measurements described previously. 

PROBLEMS 

1. What is the force exerted on an electron that is located- 
one micro-meter from a proton? Trb what direction is the force? 

2. An incandescent lamp (light bulb) is used as a light source 
for an optical system. The light bulb has a resistance of 25 
ohms. What is the conductance of this light bulb? What current 
will flow when the bulb is connected across a 12.6 volt auto- 
motive battery? What power is supplied by this battery? 

3. What is the inductive reactance of an ihductor of 10 henries 
when operat-ing at 60 Hz? HovAiuch current will flow across the 
AC voltage in your home? What size capacitor will have the same 
capacitive reactance as this value'of inductive reactance? 

4. What is the total resistance of the parallel combination of 
a iO ohm resistor, a 20 ohm resistor and a 30 ohm resistor? 
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PART II 
THT WATER =i:NVIRONMKNT 



PROPERTIES OF THE WATER HNVIROW.NT 



The Water Environment is a dynamic system. The water, 
in its various forms, is constantly moving and changing as it 
interacts physically and chemically with the Earth. These 
interactions and changes form a cycle involving the quality 
and quantity of water called the Hydrologic Cycle * Before 
examining the cycle, some of the physical and chemical 
propert ies .af water are presented. 



1 . PhysicaJ 
P roperties 



Phases 



a. Structure * Water molecules are composed of two 
hydrogen atoms and one o3^gen atom bonded covalently. 
The water molecule has a dipole moment of 1.85 debyes 
and a triangular structure with a bond angle of about 
105°. The dipole moment is caused by the difference in 
electronegativity betveen oxygen atoms and hydrogen 
atoms. In this case, oxygen is more electronegative 
and electrons tend to be associated more closely with 
the oxygen atom than with the hydrogen atoms. In effect, 
the oxygen can be visualized as partially negative and 
the hydrogen 'atoms as partially positive. This partial 
ionization effect gives water molecules, under quiescent 
conditions, the ability to form a quasi-structure . In 
this structure, the'^adjacent water molecules adjust their 
positions so that the partially negative oxygen atom of one 
water molecule is "close" to the partially positive 
hydrogen atom of another water molecule, and so forth. 
The water mc>lecules therefore can be found singly or in 
groups and ionized as hydrogen or hydroxide ions. 

Water exists In three states: vapor, liquid, and 
solid (ice). A phage diagram is useful for demonstrating 
the equilibrium conditions (Figure 6-1). 

Three areas are shown in Figure 6-1: solid, liq.uid, 
and vapor. Within these single phase areas, the system 
is defined by both a temperature and pressure (bivariant). 
Separating these single phase areas are lines where two 
phases can exist in equilibrium. For example, the curve 
AB indicates an equilibrium between liquid water and 
water vap(>r. This curve is univariant in that only one 
variable of pressure or temperature is independent. 
Select one and the other is fixed by the curve. Onlv 
nne pressure goes with any temperature. 
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TEMPERATURE, «»C 



X Figure 6-1 

The Water System 



Boiling TKe curve AB illusti'ates the pressure and temperature 

\7here water will boil, I^, for example, the applied 
pressure duetto the atmosphere equals the pressure of 
the water vapor, the water will boil. Therefore, water 
will boil at lower temperatures in areas of lower 
pressure (mountains). 

Sublimation The curves of AC and AD give the univariant phase- 

systems for solid-liquid and sol ^d-vapor* The curve AC 
(solid-liquid) shows that incseased pressure will reduc^ 
the temperature where ice and water are in equilihrium. 
The line AD is the sublimation' curve for ice. Ice can 
change directly from a solid tc a gas^ (sublimation). 

Point A is a unique invariant point. It is the 
point where vapor, liquid, and ice (all three) can exist 
ir equilibrium. This point is at a temperature of 
273.i6°K (.0075'^^C) and 4*579 mm (millimeters mercury) 
pressure. It is called the triple point. This is not 
the point where ice melts. That point is generally 

no 
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Impurities 



above A and along the line AC: for example, one (1) 
atmosphere of pressure and a temperature of 273.15°K 
(0 C), The slope of line AC indicat'es that water expands 
on freezing. Very few common substances have this 
property. Most materials are m^re dense as solids 
thhn as liquids. 

Point B is H unique point where line AB ends. Beyond 
this point (at pressures and temperatures beyond B), 
there is no way of distinguishing two phases. Only one 
phase exists. This point is called the critical point. 
No similar point is known to exist on line AC. 

Figure 6-2 shows the effect of adding non-volatile 
substances (salts) to water. In effect, the freezing 
point temperature is decreased and the boiling point 
temperature is increased for a given pressure. The , 
solid phase (ice) and thp water vapor are pure water. 
Icebergs have pure ice crystals with salt crystals 
adsorbed on their surface. Non-voJ?atile materials 
(salts) remain in solution on boiling, unless the 
physical turbulence of the boiling splalters droplets of 
water and dissolved salt from the container. The 
turbulence of ocean waves, especially near beaches, 
also produces the same effect. 



Soiution- 
pure ftohd 
•Quilibrium 



Pur« liquid- 
pur* solid 
equilibrium 
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depression 
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Boiling point 
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Figure 6-2 
Water System (Salt Additi<^)' 
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^_^'risitv an d Viscos ity > Water density varies with 
ceiTiperature and phase. Ic^ has a density of 0.93, or 
it is only 93?:. as heavy as water at 4°C (39.2°F). Ice 
is lighter than water. Freezing of water increases the 
voluioe and reduces the density. The density of the 
Jiquid phase also has a unique feature. Water has its 
gTeatest density at 4°C (39.2°F) and not at zero degrees. 
Density variations due to temperature in deep bodies of 
^ wau^r, result in stratification and possible seasonal 
overturning of lakes and reservoirs with subsequent wide 
variations in quality. Table 6-1 gives density and 
temperature relationships. Note that the density of 
water is less thai; one (1) belov: and abo>^e 4°C. 



TARLE 6-1 
Density and Viscosity of Water 
(From International Critical Tables) 



Temperature 


Temperature 


Density ^ 


Absolute Visccsit2' 


("C) 


C'f) 


(grains,';"" ) 


(centipolses) 


0 


32.0 ' 


C. 99967 


1.7921 


2 


35.6 


0.99997 


1.6740 


4 


39.2 


1.00000 


\ 1-5676 


6 


42. 8 


' 0.99997 


1.4V26 


8 


46.4 


0.99988 


.1. 387^ 


10 


50.0 


0.99973 


1.3097 


" 12 


53.6 


0.99952 . 


i.2390 


14 


57.2 


0.99927 


1.1748 'v- 


16 


60.8 


, 0.99897 


1.1156 


18 


64.4 


0.99862 


l.,0603 


20 


68.0 


0.99823 


1.0087 


22 


71.6 


0.99789 


^ 0.9608 


U 


75.2 


0.99733 


0.9161 


2i 


78.8 


0.99681 


0.8746 


28 


82.4 


0.99626 


0.8363 


30 


86.0 


0.99568 


0.8004 



Viscosity' is important in flow considerations. 
Conceptually, -.viscosity is related to the internal 
rttsJ.stance cf a fluid to motion, or it is proportional 
10 internal friction. All real fluids possess viscosity 
ard eidiibit friction urder motion. Viscosity is due to 
cohesion between water molecules. This internal 
cohesion breaks down at higher velocities and higher 
temperatures; so, viscosity is only significant at low 
velocities, for example in ground water flows. Values 
for viscosity .ire given in Table 6-1. As noted. 
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vls'^'^sity decreases with temperature, and therefore flow 
Is easier at higher temperatures (less friction). 

Vapor Pressure c. Vapor Pressure and Surface Tension > Vapor pressure 

is one of the controlling factors in evaporation. It 
occurs at all water-air interfaces. As dry air is intro- 
duced to a water surface, water evaporates to form vapor. 
At some point (saturation and equilibrium), the vapor 
J molecules condense back to water at the same rate as the 

water evaporates (equilibrium). The pressuffe exerted 
by these water vapor molecules at equilibrium is the 
vapor pressure. Table 6-2 gives values of vapor pres- 
sure. When applied (atmospheric) pressure equals tha 
vapor pressure, the liquid boils. 

4 

TABLE 6-2 
Vapor Pressure and, Surf ace Tension 

Temperature, F° 32 41 50 59 68 77 86 

C° 0 5 10 15 20 25 30 

Vapor Pressure 4.58 6.54 9.21 12.8 17.5 23.8 31.8 
xssi Hg 

Surface Tension 75.6 74.9 74.2 73.5 72.8 72.0 71.2 
dyne/ cm. 

Surface Surface tension is an apparent tension on the surfaces 

Tension ' of liquids. This occurs when the liquid surface is in 

\ contact with a gas or a solid. This tension force 
^ depends primarily on the cohesion between water molecules* 
There are several significant conditions where surface 
tension is important. The capillary rise of water 
through fine soils and plants depends on surface tension 
effects. The formation of liquid drops and bubbles 
depends on surface tension. Many long-chained organic 
molecules adsorb on the liquid surface, and reduce the 
cohesion and subsequently the surface Otension. This 
effect is used to improve the wetting and cleaning 
efficiency to detergents. Values for surface tension 
are given in Table 6-2* Surface tension decreases with 
increasing temperature. 



Gas Solubility d. Gas Adsorption and Desorption . Tlie solubility of a 

gas depends on: 

1. its partial pressure, 

2. the water temperature, and 

3. the concentration of impurities in the water. 
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The basic equation for solubility is known as Henry's 
Law, or 

Cs - K P, ' 6.1 

where Cs equals the saturation concentration of the gas 
in the watep, P equals the partial pressure of the gas 
in the gas phase and K equals the coefficient of absorption. 
The coefficient of absorption is a function of temperature, 
and decreases with increasing temperature. At the boiling 
point, no gas is dissolved in solution. 

Although Jlenry's Law describes the situation at 
equilibrium*, this does not mean it always applies^ In 
natural water systems, equilibrium conditions are always 
approached but not necessarily attained. The rate at 
which equilibrium conditions are approached depends on: 

1. the amount of under-or over^-saturation, 

2. the temperature, au^ most importantly, 

3. the amount of interface between the gas 

and the liquid. 

The kinetics (rates) depend on ht)w far you are away from 
equilibrium, the temperature, and how much turbulence or 
increased surface area you hav^ Rapidly moving et reams, 
bubbling over roqks, absorb oxygen very quickly. Deep 
stagnant lakes do not absorb o:^^n quickly. The more 
the surface area (liquid to g^ , the faster the rate 
of change. 

Many gases absorb significantly in water because 
they chemically react with water. The total solubility 
may ba several thousand timjBS the solubility of non-- 
reactive or slightly reactive gases. Sulfur dioxide 
(SO2), chlorine (CU) and hydrogen sulfide (HjS) are 
examples of gases which chemically react with water, 
and therefore absorb significantly. Carbon dioxide (CO^), 
a normal component of air, and ammonia (NH^) are examples 
of slightly reactive gases. Examples of non--reactive 
(With water) gases are methane (CH^), nigrogen ^f^y 
oxygen (O2), and hydrogen (Hj)* 

Desorption of gases from water (kinetics) follows 
the same rules as absorption. The rate depends^ on the 
amount of over-saturation, the temperature, and the 
amount of turbulence (surface area). * 



llA 



Penetration 



Selectivity 



Heat Capacity 

ft 



Specific Heat 



Mixing 



e. Lljs^ht Absorption . Absorption of light into water Is 
important for three reasons: 

1. plants derive their energy from sunlight, 

2. ultraviolet wave lengths kill bacteria and 

bleach organic^ <:olor , and 

3. heat is absorbed by the water. 

The amount of light that penetrates th^ water depends or 
the angle of the sun (angle of incidence). As the angle 
becomes more acute (morning and evening), less light is 
absorbed and more is reflected; The period of daylight 
is less in water than on land.' Waves change the angle 
of incidence and ggnerally increase reflection. 

A second consideration of light^ absorption is 
selectivity. Water absorbs certain wave lengths more 
than others. ' Red wav& lengths absorb significantly in 
water. This is why wafer appears blue-green in color. 
Dissolved and suspended material increase the absorption 
of light an^ reduce its penetration. Changes in water 
quality with depth can significantly change light 
absorption and penetration. 

^* Heat Capacity . Most of the energy absorbed from the 
sun by the water is converted into heat. However, since 
certain wave lengths are absorbed selectively, the heat is 
not uniformly added to the water with depth. The upper 
layers adsorb more heat than lower layers. Water is a 
poor conductor of heat. If vertical motion is absent, 
temperatures and densities will vary with depth and 
stratification will occur. 

'The specific heat of water is about four times that 
of air. For example, one BTU of heat will change the 
temperature of one pound of water 1 F. Only 0.24 BTU's 
of heat will change the temperature of one pound of air 
l^F. If a water ?virface is calm, the air above the water 
will be at the same temperature as the water. Winds^will 
remove the heat of the water and will distribute the 
water temperature uniformly. The water acts as a 
moderator or buffer to variations in air temperatures. 
The changes in weather along coast lines are moderated 
by the ocean. 

When the air is warmer than the water, the water 
warms up. Since it is less dense, no vertical motion 
occurs without wind. When the air is colder than the 
water, the water loses heat, becomes more dense, and 
settles. Vertical moticrSs are induced and mixing 
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occurs. If water evaporates, it also cools and becomes 
more dense and settles. Again convective currents are 
induced and mixing occurs. 



Chemical a. ionizat ion of Water . Water is weakly ionized as shown 

Properties by 

H^O = + oh" • 6.2 

More correctly, the. hydrogen ion should be shown a3 
attached to a water molecule as the hydronium ion as 
shown by 

2H2O « H^O^ + oh" . 6.3 

The equilibrium constant for this reaction can be 
represented by 

[HjO^l [oh"] - KlH^O]^ = Kw 6.4 

Note the inclusion of H^O in the constant Kw^^^The ^ 
equilibrium constant for tl^is reaction is 10 at 25 C. 
If both the hydronium (H^O ) ion concentration and the 
hydroxide (Cf*H ) ion concentration are equal, then their 
concentrations would be 10"7 moles/liter. 

Kinetics The equilibrium represented by equation 6.4 is 

rapidly achieved (kinetics) in all aqueous conditions, 
and is always assumed to hold. In solutions where the 
hydronium ion concentration is greater than the hydroxide 
ion coi:centrations, 

[HjO^] > [OH^] , 6.5 

the solution is acidic. In solutions where the hydronium 
ion concentration is less than the hydroxide ion concen- 
tration, 

[H^O^] < [oh"] , 6.6 

then the solution is basic. If the hydronium ion concen- 
tration is equal to the hydroxide ion concentration, 

[H^O"^] - IOH"] , * 6.7 

then the solution is neutral. 
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Fig, 6-3 ION PRODUCT AND pH VALUE OF PURE WATER 
^ AT DIFFERENT TEMPERATURES 
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Gases ar>d Water b. Gas Reactions in Water > As mentioned in the physical 
/properties of water, sonje gases- absorb significantly in 
water because they react with the water, for example 
(H^ is shown for simplicity), 

SO. (sulfur dioxide gas) + H^O = H^SO^ = 2H^ + SO^^^' 6,10 

sulfurous acid sulfite 

SO^ (sulfur trioxide gas) + H^O = H^SO^ = 2H*^ + SO^"^' 6.11 

sulfuric acid sulfate 

and 

'nh^ (ammonia gas) + H^) = NH^OH = NH^"^ +0H'' . 6.12 

ammonium ammonium 
hydroxide 

In most aqueous solutions, the ionized forms are found. 
•Equations 6.10 and 6.11 are acid reactions since IT^ is 
produced. Equations 6.10, 6.11, and 6.12 proceed very 
far to the right. Since Henry's Law (Equation 6.1) must 
also apply, it is easily seen why these gases absorb 
significantly. As as absorbs, it reacts with water and 
is ionized. Henry s constant is not satisfied and there- 
fore more gas is absorbed, and the process continues. 

Some gases react with water, but only sparingly; 
for example, 

CO^ (gas) + H^O = H^CO^ = h"^ + HCO^" . 6.1'^ 
carbonic acid bicarbonate 

This reaction proceeds only to the extent of about 1% to 
^ form the carbonic* acid. Since all atmospheres contain 

naturally about 0.035% (350 ppm) CO^ by volume, all 
wat:er should show some carbonic acid. Rainwater adsorbs 
CO and is therefore not heutral but slightly acidic. 
Note again that two equilibriums are indicated for 
reaction 6.13. The first is governed by Henry's Law 
(Equation 6.1). The second involves the ionization of 
carbonic acid. If the carbonic acid reacts with a 
base (neutralization), then the reaction would continue 
as before and more and more CO (total) would be absorbed. 
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Solids and Water c. Solid Reactions In Water > Water is frequently in 

contact with solids. These minerals or mixtures of 
• minerals also react in water (ionize), for example 



CaSO^ (solid gypsu^n) = Ca + SO^ , 6.14 

'' ions in solution " 

with iCs = 10^^*^ (25°C) = [Ca^^] [SO , 6.15 

+2 -2 

CaCOj (solid limestone) = Ca + CO^ , 6.. 16 

' with Ks = lO"^'-^ = [Ca^^] [CO^-^], and 6.17 

Fe (OH) 2 (solid iron 'ore) = Fe^*^ + 30H' 6.18 

with Ks = iO"^^ =)[Fe'^^] [OH^]^*. 6.19 



Kinetics The possible extent of these reactions is identified by 

the equi^brium constants (solubility constants Ks). Most 
reactions involving gas absorption and ionization proceed 
rapidly. Reactions involving solids, however, may be very 
slow in reaching equilibrium. For example, dissolution of 
gypsum is quite fast 'because of the loose, soft surfaces 
found in nature. LimestoneldissolufTion is 'slower, 
depending on the kind of t,urface; for example, marble 
is very hard and reacts very slowly. 

Several of * the mineral types can be considered solid 
bases, for example, limestone. These solid bases can 
react with acids and. thereby Increase the rate of dis- 
solution as well as the amount of dissolution. One conmon 
example shown in the following set of reactions: 



tO^ (gas) + H^O = H^CO^ , 6.13 

H^CO^ = 2H^ + CO^"^ , . 6.13 

h"^ + CO^"^ » HCO^", and 6.20 

+ CaCO^ (solid) •= Ca^^ + HCO^" . 6.21 
Summation of these equations gives: 

CO^ (gas) + H^O + CaCOj (solid) = Ca^^ + 2HC02"'^ . 6.22 



This equation (acid from gas + base from solid ) shows the 
reaction in water to form more neutral species. Hardness 
ions of calcium and magnesium may enter way in this way. 
The bicarbonate ion is one pf the most common components 
o£ alkalinity in namral waters. 
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Phase Contact 



These gas-soiid reactions or acid-tbase reactions 
imply contact with the atmosphere, water, and mineral. 
This physical contact of the three-phase system may not 
always occur. For example, in deep lakes the bottom 
water is in contact with the minerals but the top is 
not* The reverse is true for the atmosphere. Although 
equilibrium equations and constants indicate what should 
occur, kinetics and physical contact of phases will 
dictate the true state. Most ground waters have higher 
mineral content (ionized) than surface waters. 



Surfaces and 
Water 



Colloids 



In analyzing .water systems , all phases 
(gases , liqui ds , and solids) mus t be 
consid ered * 

d. Surface Reaction s in Water * Most natural surface 
waters contain solid materials of various kinds, shapes, 
and sizes. These materials affect fhe water 'in different 
ways. Heavy silt loads change the viscosity and density 
of the water and affect the natural hydraulics of flow. 
In «low moving river areas, material can deposit as silt 
banks and eventually affect the course of the river* In 
other cases, these loads can deposit in lakes and 
reservoirs and reduce the storage capacity ,' and cover 
up bottom aquatic life, thereby reducing or changing 
the biota. 

\ V 

If the material is very sm^ll, it is\classified as 

colloidal* The distinguishing feature of this kind, of^ 
material is its surface area. Even though the weight 
of such material may be small, the surface area can be 
enormous. A cube, one centimeter on a side, has a 
surface area of approximately 0*006 square feet* If ^ 
this'cube is cut into smaller cubes of 1 x 10*^ centi- 
meters on a side, the surface area is now increased to 
6500 square fee't* As can be seen, colloidal chemistry 
is surface chemistry^. 

Three properties are important^ in colloidal chemistry 



1, dissolution - ionization of minerals 

2« adso r ption - adsorption on the colloidal surface 

of substances in solution, and 
3. e 1 ec t rok i ne t i cs - charges developed on the 
• surfaces of colloidals* 
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Dissolution , 



1. Dissolution * The rate of solution of solids, 
like that of gases, is proportional to the degree 
of undersaturation of the solid in solution. It 
also varies directly with the surface area and 
inversely with the volume of solution. In effect, 
the larger the surface area per unit volume, the 
faster the dissolution toward equilibrium. Minerals 
in colloidal size should approach equilibrium much 
faster. 



Adsorption 



Catalysts 



Electrokinetics 



2. Adsorption . Ordinary physical adsorption usually 
is rapid. Adsorption is reversible and the equilib- 
rium between the surface and the solution is quickly 
achieved. Th^adsorption ^s generally selective. 
Ions tomon with the mineral structure fit the 
crystal structure and will be selected. Some 
organic material is adsorbed on surfaces due to 
its hydrophobic nat:ure. ^ Detergents ^re a prime 
example. These substances decrease surface or 
interfacial tension and accumulate on surfaces. 
Activated carbon is used as a coimofi reactive 
surface for organic removal.^ Some organic material 
is hydrophilic and remains in solution as a stabilized 
Ion or colloidal. Starches and proteins are example^ 
of hydrophilic organic structures. 



Surface areas also serve as cataylsts. Many 
natural processes are rate controlled by the in- 
fluJpte of surface areas. Colloidals serve as 
hetdTOgenous catalysts. They influence reac!tion 
rates in solution (solid-liquid). The surface 
adsorbs the reacting species, reduces the activa- 
tion energy, ^.nd DLi'uccurally orients the reactants 
for reactions. Biological colloidal units such as 
bacteria, algae, etc., also respond as surface 
catalysts. * 

3. Ele ctrokinet ics . Colloidal particles are 
norm^illy charged with respect to the medium. The 
charge and charge density depends on the Tnaterial 
and the concentrations of various adsorbing iOna 
in solution. This charge gives the colloidals 
the property of continuous suspension. Like-charges 
repel and therefore colloidals with similar charges 
will repel each other and remain suspended and not 
settle. Most naturally occurring colloidals are 
negatively^ charged. In water treatment units, 
negative colloidals are rcn:cved by applying 
positively charged ions and colloidals. 
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Water is known as the universal solvent for good 
reason. Practically everything dissolves In water to 
some extent. Gases, solids, liquids , organic, 
Inorganic materials, all are changed by water. In 
analyzing and monitoring a river, lake, ocean, treat- 
ment unit. Irrigation project, or any water system, 
all phases must be considered. 

All phases must be consciously evaluated. 

Neglect of the atmosphere (air or special environ- 
mental gases) or the solid phases (suspended or bottom) 
can cause serious errors In water management programs. 



3. Hydrologic The Hydrologlc Cycle Is a descriptive term applied to 

Cycle the general circulation of water from the oceans to the atmos^- 

phere, Lo the land and back to whe oceans. A schematic 
diagram of the Hydrologic Cycle Is shown In Figure The 
cycle Is dynamic^ It Is constantly changing in res^nse to 
solar heat and atmospheric or^ind movements. 

The cycle can be simply described beginning with the 
water in the oceans. Water in the oceans is evaporated into 
the atmosphere. This water vapor is carried in the atmosphere 
and is precipitated back to earth as rain or snow* This 
precipitation results from a cooling of the air. When the 
air becomes supersaturated with water vapor, more water vapor 
than equilibrium values for given temperature, then precipita- 
tion results* This cooling is caused chiefly by moving the 
air vertically to cooler temperatures, cither by passing the 
air over a mounrain range or moving it up over a weather 
front. Recent weather modification research has developed 
methods of increasing precipitation yields by adding small 
nuclei to storm clouds. These nuclei form surfaces for more 
rapid condensation of water vapor. Natural nuclei, especially 
from forest areas, also provide surface areas f^or condensation. 

A portion of the water falling on land is retained 
temporarily in the soil, in surface depressions, in vegetation, 
or in snow until it flows into screams or groundwater areas or 
is re-evapora^ ^d. The water not retained moves through 
surface or groundwater channels to rivers, lakes, and 
reservoirs and eventually back to the ocefins. During this 
movement the water is subjected to evaporation. 

Although the general description of the cycle is simple, 
.the actual mechanics and variations of the cycle are quite 
complex. On a world-wide basis, the volumes of moisture 
involved in each phase of the cycle are somewhat constant. 
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Figjro 6-4 The l^rolcgic Cycle 



In limited areas, however, the variations can be extreme. 
Excessive precipitation can cause flooding and insufficient 
precipitation can cause drought. 

The Hydrologic Cycle ^escribes the changes and variations 



In a true environmental sense, both quantity and quality 
are important. In all pollution control prbgrams, the 
concentration of a pollution parameter is the significant 
measurement. Concentration is the amount per unit volume; 
both quality and quantity are involved. If a very strong 
waste material is diluted by a much, much larger amount of - 
good water, the concentration is reduced and possibly no 
pollution is present. Most pollution problems have evolved 
from a lack of or reduction in dilution water. 

^* Water Resources ^ The nation* s water resource is 
derived from the water vapor or atmospheric moisture 
passing over the a.and. ''This water vaRor is estimated 
to contain about 40,000 billion gallons of water per 
day. About 10% of this water precipitates, 4200 billion 
gallons of water per day, on the mainland or conterminous 
part of the United States. Some 70% of this 4200 bil* ...i 
gallons is re-evaporated back to the atmosphere eithei by 
direct evaporaticr: or by plant evaporation (transpiration) 
The remaining 30% constitutes our water resource, 1260 
biJ lion gallons per day. Alaska has an additional 580 
billion gallons per day available for future use. 

Annual rainfall over the mainland is about 30 inches, 
ranging from less than four inches the desert southwest 
to more than 200 inches in the pacific northwest. About 
26 inches is rain and about four inches is snow. The 
area east between the Mississippi River and the Rocky 
Mountains averages about 28 inches. The area west of 
the Rocky Mountains averages about 18 inches. ' The areas 
with the least rain g'^nerally also have the greatest 
variability in rain. Some of the drier states experience 
ranges from 50% to 250% of the average. 

Seasonal variations in precipitation are important to 
pollution control. In the New England states there is 
little seasonal variation in precipitation. All seasons 
produce similar precipitation amounts. In the midwest 
states, summer storms produce two-thirds of the available 




and 



of the things In the water (quality) . 
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moisture* In the southern states, suramer storms and 
cyclonic storms (hurricane types) produce the moisture. 
In the western United States, snow is the major' source 
of precipitation. In summer periods, little or no 
moisture may occur* 

These seasonal fluctuations change the nature of 
the rivers, lakes, and streams. Snow is a form of a 
reservoir. In the spring, the reservoir releases the 
flow over a short period of time and major flooding 
generally occurs. Western reclamation projects have 
been designed to hold this flow and release it to 
downstream users at a more useable rate. Sudden thunder- 
storms across the midwest also produce localized flooding. 
Figure 6-5 illustrates variations in the average annual 
precipitation. Figure 6-6 illustrates the average 
annual runoff from precipitation. 

^' Water Quality . The water quality of it.ccois and 
rivers also changes in response to changes in quantity. 
This can be simply stated. 

Water quality depends on the history of 
the water. 

Uliere the water has been will determine its quality-. 
In Rocky Mountain areas snow-melt water is close to 
distilled wa:er in chemical content. The water has not 
been in contact with the mineral solids. The high flow 
rates and flcodine. however, cause the rivers to overflow 
and pick up debriG and silt (sediment) along the river 
banks (flood platn,;. This rapid flow can also cause 
sc^'ious erosion oC river channels. During other times 
of the year, river flow cri^»,inates from mountain springs 
and water quality a;>pToaches a western groundwater type, 
i.e. highly mintraiized. 

Figures 6-7 v-^rid 6-^ illustrate the average dissolved 
solids (ions) and rccli-jsant load (solids or slit) carried 
by streams in tho^ v.iricus sections of the country. 
Variations of soil t^'pp c..^d vi^geiative cover are apparent 
from \ study 'of thesf ^ inures. l\> Figure 6-7, areas of 
high precipitation, t\.ci Northwe^'t. Northeast, and South- 
east, have little disscI-'fc'Q solicit- The large quantities 
of precipitation on thes f.reas hav»-i long since dis- 
solved away the more soiubie r.ineraio. Sediirent loads 
(Figure 6-8) vary with soi.1 ^^'\d vegetA-.ion. Heavy 
vegetation and forests re due/: soil erosion. Areas with 
pof5r soils and vegetative rovei .md hi^h surface runoff 
produce heavy sediments in th<^ ^creams. New England, 
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^ parts of the Midwest and Northwest, show low sediment In 

streams. The Southwest semi-desert area shows high 
\ sediment content. 

Basins c. Basins , The most convenient approach to water manage- 

ment Is the basin or region method. Basins or water 
resource regions contain areas where all streams tend 
to converge toward a single source or sink. The total 
conterminous United States contains two major water 
resource regions - east of the Continental Divide, and 
west of the Contineq^tal Divide. The Continental Divide 
passing through the Rocky Mountains divides flows toward 
the Atlantic Ocean or Gulf of Mexico or the Pacific 
Ocean, All rivers ea^it of the Divide flow toward the 
Atlantic Ocean or Gulf of Mexico. All rivers west of 
the Divide flow toward the Pacific Ocean. 

Regions These two major regions have been sub-divided into 

smaller regions. The Water Resource Council of the 
United States has divided the United States into 20 water 
resource regions. Figure 6-9 illustrates these regions. 
Table 6-3 gives runoff, withdrawal and consumptive (used 
/ and not refurned) values f'^r these regions. Projected 

values for' 1980 and the year 2000 are also given. 

Several basins reuse their water several times as it 
proceeds downstream. Cities and industry take out water, 
treat it, use it, re-treat it, and discharge it back to 
rivers. The waters of the Ohio River arid its tributaries 
are a good example of this kind of reuse. 

These water resource regions and their sub-basins 
provide th^ basic areas for monitoring and surveillance 
systems . 

Constancy of l. Stre^ams and Rivers . Sub-regions or basins contain 

Flow different kinds of streams. One basis of stream 

classification is constancy of flow. Perennial or 
continuous streams contain watet at all times except 
in severe droughts. Intermittent streams carry 
water most of the time but cease to flow occasionally 
because evaporation and seepage from the stream bed 
is greater than inflow. Ephemeral streams czrry 
water only during periods of snowmelt or after rains. 
Perennial streams receive flow from groundwater 
sources during dry periods. Most large rivers are 
perennial; small streams are frequently 'intermittent 
or ephemeral. 
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Intermittent streatns can contain flow originating 
entirely from a waste discharge* This presents a 
situation where no diluting water is present and serious 
pollution is pos2sible. Classification of these 
streams to high-use functions (Standards) is many 
times economically expensive and possibly not justified. 

Another method of classifying streams is by age. 
This does not Indicate age or time in the usual sense. 
It indicates an age based on slope* Young streams 
actively erode their channels* Velocities are suf-- 
ficiently high to carry a\l the sediment contributed 
by tributaries. Mature streams have reduced slopes. 
The mature stream does not erode its own channel, 
but the stream does have sufficient velocity to carry 
sediment from steeper tributaries. Old streams have 
wide flood plains, a broad jaeander belt, and gentle 
slopes. The Mississippi is an old stream. Upper 
tributary rivers are less old. The delta region of 
the Mississippi Rivfer extends many miles into the 
Gulf of Mexico. Swift rivers carrying heavy silt loads 
will deposit part of that sediment load when they join 
slower-moving, older .rivers. 

Streams also form different tributary forms 
depending on flow and soil type. Dendritic, or tree- 
like, streams result in regions where fhe rock and 
mineral structure is homogeneous and there is no varia-* 
tion in the resistance to flow. Dendritic patterns 
are found in the granite mountains of the Sierra 
Nevada and the Rocky Mountains. Rectangular drainage 
patterns occur in the Adirondack region in New York 
State where geological joints and faults join at 
right angles. 

Trellis drainage patterns develop in areas where 
the underlying rock is strongly folded or sharply 
dipping. The longer streams follow the fold or weaker 
rock strata while shorter tributaries cross the fold 
or dip. The State of Pennsylvania has several 
Trellis drainage patterns. Radial flow occurs from 
dome or volcanic structures. The flow radiates 
outwardly. Occasionally radial flow also occurs 
toward a depression or center. The flow radiates 
inwardly. Turkey Mountain in New Mexico and Mount 
Hood, Oregon, have radial flow. 
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2. Reservoirs and Lakes* Reservoirs and lakes are 
important units of the Hydrologic Cycle. Lakes are 
classified by age. Again, the term age refers to 
appearance and not time. In the natural (non-man 
influence) conditions, most lakes age over a period 
of time,. New lakes, ^geologically , are called 
Oligotrophic Lakes. These lakes, in an ecological 
sense, have low accumulation of dissolved nutrients, 
sparse plant and animal life, high dissolved oxygen 
content, and low organic content. As dissolved 
minerals flow into these lakes, over a period of 
time, nutrients ar^ added, more plants and animals 
develop, organic material increases, and dissolved 
oxygen is reduced. In the extreme, a swamp develops 
and the lake is an Eiitrophif ied Lake. 

This natural process of eutrophiQ.ation has been 
significantly speeded up by man's influence. The 
major reason for aging has been the addition of 
nutrients to these lakes. The nutrients' come from 
industr^.al and municipal waste water sources. They 
also come from surface runoff of fertilized agricultural 
areas. It has been estimated that Lake Erie has been 
aged by a million years by man's pollution. 

Evaporation is significant from the surface of 
lakes or reservoirs. Figure 6-10 shows the rate of 
evaporation from lakes. Evaporation rates vary from 
a minimum of 20 inches to over 140 inches per year 
from the surface. Organic molecules like duodecanol 
have been added to the surface or reservoirs to reduce 
evaporation. This evaporation cools the water and 
incireases the salt concentrations due to reduced 
volume. 

Lakes and reservoirs reduce flow velocity and 
therefore the sediment-carrying ability of the stream. 
All reservoirs have reduced capacity from silting. 
Lake Jlead (Hoover Dam) is gradually filling up with 
silt carried by the Colorado River. * The reservoir 
should be full of silt before the turn of the century. 

Reservoirs and dams also act as buffers to changes 
in quantity and quality. Empty reservoirs will reduce 
flood peaks i>ignif icantly . In a quality sense, sudden 
upstream changes in quality can be diluted by reser- 
voirs to a point of non-pollution. Reservoirs have 
been used to dilute downstream pollution for many 
years. The new legislation (Public Law 92-500, 
Section 102 b-6), however, limits use of dilution 
water for quality control: 
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**(6) .No license granted by the Federal Power Commission for a 
hydro-electric power project shall include storage r regulation 
of streamflow for the purpose of water quality com x unless 
the Administrator shalJ recommend its inclusion and such reservoir 
storage capacity shall not exceed such proportion of the total 
storage required for the water quality control plant as the 
drainage area of such reservoir bears to the drainage area of 
the river basin or basins involved in such water quality control 
plan.'* 

Reservoirs also allow natural processes of 
recovery to proceed. Kxcess organic matter can be 
oxidized, organic color molecules can be oxidized 
and bleached, and excess thermal energy or heat 
can b£ dissipated. , 

Wind Reservoirs also produce water quality problems. 

These problems relate directly to stratification due 
to changes in density. Figure S'-llCa) shows an 
idealized cross section of a lake with the effects 
of wind. As can be saen, as a wind moves across a 
lake, a head is produced which causes a return flow 
rundemeath the primary currents. As water becomes 
colder and colder with depth, this shearing area 
is reduced toward the surface. Bottom areas become 
stagnant and water quality changes occur. 

Stratification These changes can be Significant. Figure 6-11 (b) 

shows '"hanges in oxygen and carbon dioxide with depth 
io a stratified lake during the summer. Although., 
fluid exchange across- the , thermocline is reduced, 
solid material can cross the ^barrier. Algae is a 
good example. Dead algae settle across the barrier 
and move toward the bottom of .the lake. Aerobic 
bacteria (oxygen-consuming) oxidize the algae and 
thereby reduce oxygen levels and increase carbon 
dioxide levels. If sufficient oxygen is not 
available, septic or anaerobic conditions will 
exist and noxious gases of ammonia (NH^), hydrogen 
sulfide (H^S), and mefcaptans will be produced. 

Lake Overturn. Another sequence of events significantly affects 

water quality in laker. Water is most dense at A C 
(39.2^F). Above and below this temperature the water 
is less dense. Because of this variation, lakes may 
overturn in the spring and fail. In a mechanistic 
sense, the spring overturn sequence follows ' these 
steps: 
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6-11 o Direction and rclotivc horizontol velocity of wmd-induced currents m o 
lake or reservoir ddeoliz^d). (Aftef G. C. Whipple, G. M. Foir, ond 
M. C. Whipplev MiC'OiCOpy of Dnnkmg Wofer, 4th ed. Wilcv, New York, 
1948) 



TEmPFRaTURE '"ONCENTRATtON* -> 

- • - 7- • . T \ 




6-n b Vcrtico! grodpc^U tc^pofoturo ond wotcr qociity *n lo^cs, reservoirs or^d 
o»nrf deep bodies o^ v*otrr <idcolized> 



1. lake water temperature < 4^C (winter), 
2**' surface water warms up to 4^C (spring), 
3. surface water' now is heavier (4^C) than 

lower water, and 
4* a wind shifts the instability and the 

lake overturns. 

In a mechanistic sense, the fall overturn sequence 
follows these steps: 

1. lake water temperature > 4^C (summer), 

2. surface water cools off tO/4 C ^fall)^ 

3. surface water is now he^A^aer (4 C) than 

lower water, and / 

4. a wind shifts the instability and the 

lake overturns. 



Following this period of overturn, water quality 
will change. Turbidity or silt concentrations will 
increase, dissolved oxygen will increase due to 
surface exchange, nutrients deposited on the bottom 
or in the bottom zone are redispersed throughout 
the lake, and temperatures become constant with 
depth. Spring turnover redistributes nutrients 
back to the surface for reuse in plant growth during 
the summer. If spring or fall temperatures move 
back and forth through 4 C, and the water responds 
adequately to these changes, then several overturns 
may occur. 

In summary, monitoring requires selection of a specific 
area or basin for study, clear-cut selection of objective 
functions, and inclusion of all phases of .solids, gases, and 
liquids involved in the water system. Specific natural 
changes which affect water quality must be noted; for example, 
lake overturns, rapid snow melt, reservoir depths, temperature 
changes, and stratification. 
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Problems : 

1. Select one of the river regions (20). Secure a 
topographic map from the local ^tate or U.S. Geological 
Survey and trace a complete river basin (all area that 
contributes runoff to the river). Secure hydrologic 
data from the state hydrologist or Water Resource 
Department and evaluate the precipitation over the 
basin. How is the precipitation measured? Voio does 
the measuring? How is the data collected, stored, 

and evaluated? Mfctasure the area of the basin. 
Multiply^the area of the basin by the precipitation 
and evaluate the surface runoff. V/rite a report on 
your findings . 

2. Select one of the river regions (20). Contact 
the local Environmental Piotecticn Agency or United 
States Geological Survey and secure maps and data on 
the basin. Locate all stations in the basin that 
indicate flow quantity (reservoirs and dams record 
flow). Plot flow versus reach (distance) dovri the 
mainstream of the river. Plot quality parameters 

on parallel coordinates to quantity downstream and 
find hcv quality changes downstream. Write a 
report on the study. 
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LEGAL A>n) ADMINISTRATIVE REQUIREMENTS 



The development of a water pollution control program is 
a continual process. Lavs and administrative procedures are 
constantly being reviewed, e/aluated and revised. This ptu- 
cess is going on right now, particularly in response to the 
recent legislation. Ij: is important for those involved in 
v;ater pollution vGr> to know how the process works. This is 
important foe two reasons. First, the general goals, policies, 
and requirements as stated by Congress must be known (law). 
Secondly, the specific operational procedures as stated by 
the U. S. Environmental Protection Agency must be known 
(administration) . 

In October 1972, the "Federal Water Pollution Control 
Act Amendments of 1972" became law. This ,dj^w consolidated 
and extended the environmental ideas and policies of many 
years into an effective, concentrated effort for solving our 
water pollutio-^ problems. This law. Public Law 92-500 
(86 Stat. 8l6vi, is administrated by the Administrator of the. 
United States Environmental Protection Agency. The general 
goals and policiv.s of this law were presented beginning on 
page 12 of this text. Several more specific sections of the 
law are presented to illustrate parts of the program* 

WATER Several sections of Public Law 92-500 pertain directly 

QUALITY to the monitoring and surveillance program. The first set of 

MONITORING information pertains to water quality monitoring and sur- 

veillance systems for navigable waters, ground waters, the 
conriguous zone and the oceans. This system will establi:^. 
"where we are", "where we should be" and "how fast we are 
get ting there" . 

TITLE 1~RESL\RCH AND RELATED PROGRAMS 
"Research, Investigations, Training, and Information 

"Sec. 104. (a) The Administrator shall establish national 
programs for the prevention, reduction, and elimination of pol- 
lution and as part of such programs shali-- 

"(5) in cooperation with the States, and their political 
subdivisions, and other Federal agencie'^ establish, equip> and 
maintain a water quality surveillance system for the purpose of 
monitoring the quality of the navigable waters and ground waters 
and the contiguous zone and the oceans and the Administrator shall, 
t(' the extent practicable, conduct such surveillance by utilizing 
the resrmrces ^ f the National Aeronautic:- and Space Administration, 
the National Oceanic and Atmospheric Administration, the Geological 
Survey, and Lhe Coast Guard, and shall report on such quality in 
the report required under subsection (a) section 516; and 



ERIC 



Under Title 1 of Public Law 92-500, all Federal appro- 
priations for State pollution control programs are tied to a 
Tn«mitoring capability — 

"Grants for Pollution Control Programs 

*'Sec. 106 (e) states-- 

Beginning in fiscal year 1974 the Administrator shall 
not make any grant under this section to any State which 
has not provided or is not carrying out as a part of its 
program — 

'*(1) the establishment and operation, of appropriate 
devices* methods, systems, and procedures necessary to 
monitor, and to Cv^'tpile and analyze data on (including 
classification according to eutrophic condition), the 
qualitv of navigable waters and to the extent practicable, 
ground waters including biological monitoring; and pro- 
vision for annyaliy updating such data and including it 
in the report required under section 305 of this Act; 

Under Title III — "Standards and Enforcement", Section 
303 — "Water Quality Standaids and Implementation Plans" 
Part (e) gives information on the State planning process — 

"(e) (1) Each State shall have a continuing plan- 
ning process approved under paragraph (2) of this sub- 
section which is consistent with this Act. 

"(2) Each State shall submit not later than 120 
days after the date of the enactment of the Water Pol- 
lution Control Amendments of 1972 to the Administrator 
for his approval a proposed continuing planning process 
which is consistent with this Act. Not later than thirty 
days after the date of submission of such a process the 
Administrator shall -either approve or disapprove such 
process. The Administrator shall from time to time 
review each State's approved planning process for the 
purpose of Insuring that such planning process is at 
ail times consistent with this Act. The Administrator 
shall not approve any State permit program under title 
IV of this Act for any State which does not have an 
approved continuing plannint^ process under this section. 

Operational rules, based on Public Law 92-500 and 
developed by the Environmental Protection Agency, are pub- 
lished in the Federal Register. Most libraries have copies 
of the Federal Register. On May 28, 1973, the Register 
(Vol. 88, No. 99) published proposed rules for Water Quality 
Management Plans. Under these rules Subpart C — "Monitoring 
rind Surveillance"~gives the tie of monitoring to the State 
plans as stated in Section 303 (e) of the law. 
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Subpart C — Monitoring and Surveillance 



131.300 Relationship of monitoring and surveillance 
to plans. 

131.301 Coverage of monitoring and surveillance 
program. 

131.302 Use of monitoring surveys for plan develop- 
ment . 

131.303 Frequency of monitoring surveys. 

131.304 Output of monitoring surveys. 

131.305 Water quality data from fixed stations; 
input to information system. 

131.306 Provision and use of point source discharge 
information input to information system. 

POINT The National Pollutant Discharge Elimination System 

SOURCE (NPDES) is formulated in Title IV—Permits and Licenses— 

MONITORING Section 402 of Public aw 92^-500. Parts (a) (1) and (2) read: 



"Nati9nal Pollutant Discharge Elimination System 

"Sec. 402. (a) (1) Except as provided in sections PERMITS 
318 and 404 of this Act, the Administrator may, after 
opportunity for public hearing, issue a permit for the 
discharge of any pollutant, or combination of pollutants, 
notwithstc=.nding section 301(a), upon condition that such 
discharge will meet either all applicable requirements 
under sections 301, 302, 306, 307, 308, and 403 of this 
Act, or prior to the taking of necessary implementing 
actions relating to all such requirements, such con- 
ditions as the Administrator determines are necessary 
to carry out the provisions - of this Act. - 

"(2) The Administrator shall prescribe conditions 
for such permits to assure compliance with the require- 
ments of paragraph (1) of this subsection, including 
conditions on data and information collection, reporting, 
and such other requir#=.ments aa he deems appropriate. 



Under Title IV — Permits and Licenses, Section 401 — 
Certification — Part (d) reads: 



'*(d) Any certification provided under this section 
shall set forth any effluent limitations and other 
limitations, and monitoring requirements necessary to 
assure that any applicant for a Federal license or per^ 
mit will comply with any applicable effluent limitations 
and other limitations, under section 301 or 302 of this 
Ac^, standard of performance under section 306 of this 
Act, or prohibition, effluent standard, or pretreatment 
standard under section 307 of this Act, and with any 
other appropriate requirement of State law set forth In 
such certification, and shall become a condition on any 
Federal license or permit subject to the provisions of 
this section. 

142 



EFFLUENT 
LIMITATIONS 
AND MONITORING 
REQUIREMENTS FOR 
PERMITS 



f 

This section identifies that all permits will have stated 
effluent' limitations and monitoring requirements. 



Under Title III, Standards and Enforcement, Ser^tion 308, 
"Inspections, Monitoring and Entry gives — 

"inspections, Monitoring and Entry, » 

"Sec. 308. (a) Whenever required to carry out 
the objective of this Act, including but not limited 
to (1) developing or assisting in the development of 
any effluent limitation, or other limitation, pro- 
hibition, or effluent standard, pretreatment standard, 
or standard of performance under this Act; (2) deter- f 
mining whether any person is in violation of any such ^ 
effluent limitation, or other limitation, prohibition 
or effluent standard, pretreatment standard, or stan- 
dard of performance; (3) any requirement established 
under this section; or (4) carrying out sections 305, 
311, 402, and 504 of this Act— 

"(A) the Administrator shall require the owner RECORDS 
or operator of any point source to (i) establish and 
maintain such records, (ii)'make such reports, (iii) 
install, use, and maintain such monitoring equipment 
or methods (including where appropriate, biological 
monitoring methods), (iv) sample such effluents (in 
accordance with such methods, at such locations, at 
such intervals, and in such manner as the Administra- 
tor shall prescribe), and (v) provide such other in- 
formation as he may reasonably require; and 

"(B) the Administrator or his authorized repre- 
sentative, upon presentation of his credentials — ACCESS RULES 

(i) shall have a right of entry to, upon, 
or through any premises in which an effluent 
source is located or in which any records 
requiied to be maintained under clause (A) 
of this subsection are located, and 

(ii) may at reasonable times have access 
to and copy any records, inspect any monitor- 
ing equipment 'or method required under clause 
(A), and sample any effluents which the owner 
or operator of- such source is required to 
sample under such clause. 

"(b) Any records, report?^, or information ob- 
tained under tnis section (1) shall, in the case of 
effluent data, be related to any applicable effluent 
limitations, toxic, pretreatment, or new source per- 
formance standards, and (2) shall be available to ^ 
the public, except that upon a showing satisfactory 
to the Administrator by any person that records, 
reports, or information, or particular part thereof 
(other than effluent data), to which the Administrator 



143 



has access under this section, if made public would 
divulge methods or processes entitled to protection 
39 trade secrets of such person, the Administrator 
shall consider such record, report, -or information, 
or particular portion thereof confidential in accor^ 
dance with the purposes of section 1905 of title 18 
of the United States Code, except that such record, 
report, or information may be disclosed to other 
officers, employees, or authorized representatives 
of the United States concerned with carrying out this 
Act or when relevant in any proceeding under this 
Act. 

"(c) Each State may develop and submit to the 
Administrator procedures under State law for in- 
spection, monitoring, and entry with respect to 
point sources located in such State. If ithe Admin- 
istrator finds that the procedures and the law of 
any State relating to inspection, monitoring, and 
entry are applicable to at least the same extent as 
those required by this section, such State is 
authorized to apply and enforce its procedures for 
inspection, monitoring, and entry with respect to 
point sources located in such State (except with 
respect- to point sources owned or operat^Cd by the 
United States). 

On November 11, 1972 the Federal Register (Volume 38, 
No. 98) published proposed guidelines for the National 
Pollutant Discharge Elimination System (NPDES). Subpart G — 
Monitoring, Recording, and Reporting — the following proposed 
rules are given: 

SUBPART G — Monitoring, Recording and Reporting 

124.61 Monitoring " MONITORING 

Procedures of any State or interstate agency- 
participating in the NPDES for the monitoring of 
any discharge authorized by an NPDES permit shall 
be consistent with the following: 

(a) Any discharge authorized by an NPDES per- ♦ 
mit may be subject to such monitoring requirements 

as may be reasonably required by the Director, in- 
cluding the installation, use, and maintenance of 
monitoring equipment or methods (including, where 
appropriate, biological monitoring methods). 

(b) Any discharge authorized by an NPDES permit 
which (1) averages more than 50,000-gallons-per- 
operating day, (2) the Regional Administrator requests, 
in writing, be monitored, or (3) contains toxic pol- 
lutants for which an effluent standard has been 
established by the Administrator pursuant to section 
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307(a) of the Act, shall be monitored by the per- 
mittee for at least the following: 

(i) Flow (in gallons per day); and, 

(ii) All of the following pollutants: 

(a) Pollutants (either directly or indirectly 
through the use of accepted correlation coefficients 
or equivalent measurements) which are subject to re- 
duction or elimination under the terms and conditions 
of the permit; 

(b) Pollutants which the Director finds, on 

the basis of information available to him, could have 
a £:ignificant impact on the quality of navigable 
waters; 

(c) Pollutants specified by the Administrator, 
in regulations issued pursuant to the Act, as sub- 
ject to monitoring; and, 

(d) Any pollutants in addition to the above v'hich 
the Regional Administrator requests, in writing, be 
monitored. 

(e) 'Each effluent flow or pollutant required to 
be nionitored pursuant to paragraph (b) of this section 
shall be monitored at intervals sufficiently frequent 
to yield data which reasonably characterizes the 
nature of the discharge of the monitored effluent flows 
and pollutant. Variable effluent flows and pollutant 
levels shall be monitored at more frequent intervals 
tl«an relatively constant effluent flows and pollutant 
levels which may be monitored at less frequent intervals. 

124.62 Recording of monitoring activities RECORDING 
and results. 

Any State or interstate agency participating 
in the NPDES shall specify the following recording 
requirements for any NPDES permit which requires 
monitoring of the authori7,ed discharge: 

(a) The permittee shall maintain records of all 
information resulting from any monitoring activities 
required of him in his NPDES permit; 

(b) Any records of monitoring activities and 
results shall include for all samples: (I) The date, 
exact place, and tim^ of sampling; (2) the dates 
analyses were performed; k3) who performed the anal- 
yses; (4) the analytical techniques/methods used; and, 
(b) the results of such analyses; and, 

(c) The permittee shall be required to retain 
for a minir^um of 3 years any records of monitoring 
activities and results including all original strip 
chart recording for continuous monitoring instrumenta- 
tion and calibration and maintenance records. This 
period of retention shall be extended during the course 
of any unresolved litigation regarding the discharge of 
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of pollutants by the permittee or when requested 
by the Director of Regional Administrator. 

124.63 Reporting of monitoring results. REPORTING 

Any State or interstate agency participating^ 
in the NPDES shall require periodic reporting (at 
a frequency of not less than once per year) on the 
proper NPDES reporting form of monitoring results 
obtained by a permittee pursuant to monitoring re- 
quirements in an NPDES permit. In addition to the 
NPDES reporting form, the Director in his discretion 
may require submission of such other information re- 
garding monitoring results as he determines to be 
necessary. 

( Comment . Reporting frequency, as with 
monitoring frequency, depends upon the nature aftd 
impact of the discharge Annual report submission 
is sufficient for small cooling water discharges. | 
Discharges for which more frequent, even monthly, 
reporting is desirable include variable discharges, 
major, including municipal, discharges, and dis- 
charges for which new iteatment or control methods 
are being applied. Reporting frequency should 
correspond with administrative capability to evaluate 
the reports as they come in.) 

124.64 NPDES monitoring, recording, and NPDES 
reporting requirements. 

Any State or interstate agency participating 
in the NPDES shall adopt procedures consistent with 
any national monitoring, recording, and reporting 
requirements specified by the Administrator in 
regulations issued pursuant to the Act. 

As part of the permit program effluent standards will 
be established. One standard applies to toxic pollutants. 
Title III, Section 307(a) (1) and (2) of Public Law 92-500 
states : 

"Toxic and Pretreatment Effluent Standards TOXIC 

POLLUTANTS 

"Sec. 307. (a) (I) The Administrator shall, 
within ninety days after the date of enactment of 
this title, publish (and from time to time there- 
after revise) a list which includes any toxic pol- 
lutant or combination of such pollutants for which 
an effluei\t standard (which may include a pro- 
hibition of the discharge of such pollutants or 
combination of such pollutants) will be established 
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under this section. The Administrator in publish- 
ing such list shall take into account the toxicity 
of the pollutant, Is perslsLeni o, degradability , 
the usual or potential presence of the affected or- 
ganisms in any waters, the importance of the affected 
organisms and the nature and extent of the effect of 
the toxic pollutant on such organisms. 

"(2) Within one hundred and eighty days after 
the date of publication of any list, or revision 
thereof, containing toxic pollutants or combination 
of pollutants under paragraph (1) cf this subsection, 
the Administrator, in accordance with section 553 of 
title 5 of the Unitjebd States Code, shall publish a 
P'Toposed effluent gdandard (or a prohibition) for 
such pollutant or qpinbination of pollutants which 
shall take into account the toxicity of the pollutant, 
its persistence, degradability, the usual or potential 
presence of the affected organisms in any waters, the 
importance of the affected organisms and the nature 
and extent of the effect of the toxic pollutant on 
such organisms, and he shall publish a notice for a 
public hearing on such proposed standard to be held 
within thirty days. As soon as possible after such 
hearing, but not later than six months after publica- 
tion of th^ proposed effluent standard (or prohibition), 
unless the Administrator finds, on the record, that a 
modification of such proposed standard (or prohibition) 
is justified based upon a preponderance of evidence 
adduced at such hearings, such standard (or prohibi- 
tion) shall be promulgated. 

V 

Section 307(a) (1) of the law requests a list of toxic 
pollutants. On July 6, 1973, the Federal Register (Volume 38, 
No. 129) published the Jist. 

TOXIC 

List of Toxic Pollutants; POLLUTANTS 



1. Aldrin (1 , 2 , 3,4,10, 10-hexachloro-l , 4 , 
4a,5,8,8a-hexahydro-l,4,5,8 - endo-exodimethano- 
naphthalene) Dieldrin (1 ,2, 3,4, 10, 10-hexa- 
chloro-6,7-epoxy-l ,4,4a,5,6, 7,8,8a-octahydro-l, 
4-endo, exo-5, 8-dimethanonaphthalene) 

2. Benzidine and its salts (para-para'-di- 
aminobipheny i) 

3. Cadmium and all cadmium compounds 

4. Cyanide and all cyanide compounds 

5. DDD(TDE)1,1 - dichloro-2,2 -bis(para- 
chlorophenyl)-ethane DDE (dichlorodiphenyldi- 
chloroethylene) 1,1 - dichloro-2,2-bis (para- 
chlorophenyD-ethylene DDT (dlchlorodiphenyi - 
trichloroethane) 1,1,1 - trichloro-2 , 2-bis (para- 
chlorophenyl ) -ethane 
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6. Endrin (1,2,3,4,10,19 - hexachloro-6, 7- 
epoxy-l,4,Aa, 5,6, 7,8,8a - octahydro-1, A-endo-endo- 
5 , 8-diraethanonaphthalene) 

7. Mercury and all mercury compounds 

8. Polychlorinated biphenyls (PCB's) 

9. Toxaphene (chlorinated camphene) 

Effluent limitations or standards as requested by Section 
307a (2) will be forthcoming. 

A second important standard relates to Secondary Treat- 
ment for municipal sewage. Section 304d (1) of Public Law 
92-500 states: 

"(d)(1) The Administrator, after consultation . SECONDARY 

with appropriate Federal and State agencies and other ^ TREATMENT 
interested persons, shall publish within sixty days ' INFORMATION 

after enactment of this title (and from time to time 
thereafter) information, in terms of amounts of con- 
stituents and chemical, physical, and biological 
characteristics of pollutants, on the degree of 
effluent reduction attainable through the application 
of secondary treatment. 

On April 30, 1973 the Federal Register (Volume 38, No. 82) 
published the standards for Secondary Treatment. 

EFFLUENT STANDARDS 



Monthly Weekly . SECONDARY 

Unit of measurement average average STANDARDS 

Biochemical Oxygen mg/liter 30 45 
Demand (5 day) . 

Suspended Solids mg/liter 30 45 

Fecal Coliform— Number /100 ml 200 400 

Bacteria pH. Within limits of 

6.0 to 9.0 



The third set of standards of critical importance to 
pollution control involves point sources other than public 
owned treatment works. Section 304(b) of Public Law 92-500 
states : 

"(b) For the purpose of adopting or revising 
effluent limitations under this Act the Administrator * 

^ill, after consultation wi th appropriate Federal 
and State agencies and other interested persons, 
publish within one year of enactment of this title, 
regulations, providing guidelines for effluent 
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limitations, and, at least annually thereafter, 
revise, if appropriate, such regulations. Such re- 
gulations shall — 

"(1)(A) identify, in terms of amounts of 

constituents and chemical, physical, and bio- 
logical characteristics of pollutants, the 

degree of effluent reduction attainable through 

the application of the best practicable control 

technology currently available for classes and 

categories of. point sources (other than publicly 

owned treatment works); 

The standards associated with this section ^yre presently^ 
under development. Interim standards are being used as guides 
under the title "interim Effluent Guidance for the NPDES'' as 
issued by the office of Permit Programs, U. S. Environmental 
Protection Agency. 

Definitions in any law or text, important terms should be defined. 

Common terms used in everyday conversations can mean different 
things to different peoplf . Clear meaning is essential for 
legal definitions. Several Important terms used in Public 
Law 92-500 are defined -in the* Law under Title V - General 
Provisions under Section 502~''General Definitions." Only a 
few are included for reference: 



"Sec. 502. Except as otherwise specifically 
provided, when used in this Act: 

"(6) The term ^pollutant' means dredged spoil, 
solid waste, incinerator residue, sewage, garbage, 
sewage sludge, munitions, chemical wastes, biological 
materials, radioactive materials, heat, wrecked or dis- 
carded equipment^ rock, sand, cellar dirt and in- 
dustrial, municipal, and agricultural wastr: discharged 
into water. This term does not mean (A) 'sewage from 
vessels' within the meaning of section 312 of this 
Act; or (B) water, gas, or other material which is 
injected into a well to facilitate production and dis- 
posal purposes is approved by authority of the State 
in which the well is located, and if such State 
determines that such injection or disposal will not 
result in the degradation of ground or surface water 
resourced. 

"(7) The term 'navigable waters' means the waters 
of the United States, including the territorial seas. 

"(11) The term 'effluer*- limitation' means any 
restriction established by a State or the Administrator 
on quantities, rates, and concentrations of chemical, 
physical, biological, and other constituents which are 
discharged from point sources into navigable waters, 
the waters of the contiguous zone* or the ocean. 



POLLUTANT 



NAVIGABLE 
WATERS 
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including schedules of compliance. 

*'(13) The term 'toxic pollutant' means 
those pollutants, or. combinations of pollutants, 
including disease-causing agents, which after 
discharge and upon exposure, , ingest ion, inhala- 
tion or assimilation into any organism, either 
directly from the environment or indirectly by 
ingestion through food chains, will, on the basis 
of information available to the Administrator, 
cau^je death, disease, behavioral abnormalities, 
cancer, genetic mutations, physiological mal- 
functions (including malfunctions in reproduction) 
or physical deformations, in such organisms or 
their offspring. 

"(15) The term 'biological monitoring' shall 
mean the determination of the effects on aquatic 
life, including accumulation of pollutants in 
tissue, in receiving waters due to the discharge 
of pollutants (A) by techniques and procedures, 
including sampling of organisms representative 
of appropriate levels of the food chain appropriate 
to the volume and the physical, chemical, and bio- 
logical characteristics of the effluent, and (B) 
at appropriate frequencies and locations. 
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Prohl ems : 



1. Secondary standards are applied to industry as well 
as municipalities. Find the tandards in Public Law 
92-500 and follow their implementation through the 
Federal Register, Select just one industry, for example 
steel , cement , chemical , etc, 

2. Are all industrial standards for one industry the 
same? 

3. Is the timing for meeting secondary standards the 
same for old plants as well as new plants? 

A, How can you justify meeting standards with old 
plants? 

5. If an industry cannot meet the new standards and 
stay in business competitively, then his standards 
should be reduced (less strict), Conunent on this 
proposition. 



PARAMETER SIGNIFICANCE AND VARIATION 



INTRODUCTION Monitoring techniques for water quality parameters in 

streams, lakes, oceans, or waste discharges depend basically 
on an objective function. These functions were identified and 
discussed in Chapter One. They are: 

1. Characterization of Existing Conditions, 

2. Identification of Trends, 

3. Evaluation of Standard Compliance, 

4. Emergency Conditions, 

5. ^ Environmental Quality Forecasting, and 

6. Research. 

Each objective formation may require some differences in 
parameter selection (because of significance) and testing 
frequency (because of variability in space and time). This 
chapter will discuss various parameters, their significance 
and variation in light of objective functions. 

There are thtee basic kinds of tests performed on water: 
physical, chemical and biological. The parameters identified 
by these tests are known as physical, chemical or biological 
parameters. There is a seemingly endlesF list of these para- 
meters. This text has narrowed the list to those considered 
more important in water evaluation. A brief list of these 
parameters, grouped under the test classification, is pre- 
sented. 

It is not possible in this text to describe or explain 
the analysis for each parameter. Many texts are available 
for reference. Four basic texts arei 

1. "Standard Methods for the Examination of Water and 
Sewage" published by the American Water Works 
Association and the American Public Health 
Af;sociation, 

7. "Methods for Collection and Analysis of Water 
Samples" United States Geological Survey paper 
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3.. "Methods for Chemiral Analysis of Water and Wastes" 
Published by the S. Fnvironmenta I Protection 
Agency , 

4, American Society for Testing and Materials, Part 23 
Water; Atmospheric Analysis. Published by the 
Society, 1916 Race Street, Philadelphia 3, PA. 

TABLE 8-1 

A PARTIAL LIST OF WATER PARAMETERS 

Phys ical 

Temperature, turbidity , color , odor , taste 
Solids (suspended, dissolved, fixed, volat ile) 
Oil and Grease and 
Total Carbon (TC) 

Chemical 

pH, alkalinity, calcium and magnesium 
Chlorides and sulfates, dissolved oxygen 
Nitrogen, minor elements, phosphate and 
Chemical Oxygen Denand (COD). 

Biological 

Total Coiiforms 
Fecal Coiiforms 
Plankton 

Biochemical Oxygen Demand (BOD) 



PHYSICAL The physical parameters are the most easily understood 

PARAMETERS grouping. They reflect measurements which practically every- 
one can visualize., 

TEMPERATURE Temperature measurement is the most important physical 

parameter. It is freqeuntiy overlooked by field technicians. 
With this one measurement water variables are known, such as 
viscosity, vapor pressure, surface tension, and gas solubility. 
Kinetics of chemical and biological reactions can also be 
identified. For example, a bacteria can describe its rate of 
metabolism and growth by an increase of 10 to 15 C. The same 
is true for most chemical reactions. Therefore, an analysis 
of possible pollution probl^Jfc^ must be built from temperature 
data.: Most natural waters iTaVe temperatures ranging from 0 C 
(liquid) to around 30 C. 
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TURBIDITY Turbidity measurenienLs are based on the passage of light 

through a sample of water. The le^s I'-ght passing through the 
higher the turbidity. This test gives an indication of how 
much silt or finely divided material Is in the water. Turbidity 
measurements normally are used by water plants to meet enforce- 
ments standards concerning drinking water. Turbidity is 
restricted by these Standards for two reasons: 1) customers 
want clean water (appearance), and 2) bacteria or viruses may 
be protected from disinfection by being inside the turbid 
particles. This could be a^ health hazard. In general, 
turbidity measurements are not made on sewage, or highly 
polluted water since the measurement is somewhat meaningless. 
Turbidity values range from less then 1.0 turbidity unit to 
several thousand in sewage. 

COLOR Color measurements reflect the intensity of light absorp- 

tion in water. The absorption depends on specific wave lengths. 
For example, a blue water is blue because it absorbs the red 
wave lengths from light. A water is yellow because it absorbs 
the violet wave lengths from lignt. Natural waters generally 
have sone color due to contact with vegetation, particularly 
decavitig materials. In the Rocky Mountains, the snowmel t run- 
off in uhe spring washes yellow colored decaying material, 
both dissolved and colloidal, into the streams. The same is 
true in th€ New F.7;.<lar,d area. Drainage from swamp areas is 
highly colored with brovn to yellow coloring. Industrial 
wastes cap add dyes or c.vlors of ail kinds to water. Sewage 
is also colored. Fvcs*r i-ijwage is normaliy gray. If the 
sewage has become sep».io it will turn black. 

Color is limited by drinking water standards because 
customers do not want a colored water. It looks bad and may 
stain clothp3 and fixtures. In streams color is limited from 
pollution sources because of visual pollution effects and 
reduced use capability downstream. Values for color range 
from about zero in clear streams to 70 or 80 in spring snow- 
melt runoff waters to several hundred in some industrial 
wasite discharges. 

030R Odor is caused by a ga^ molecule reacting in the nose on 

an olfactory nerve. If the odcr coTi;es from water it, there- 
fore» is from volatile material. Most odor in water is 
associated with organic material, algae and bacteria-: Specific 
algae produce specific odors. For example, Asterionella (a 
diatom) produces an acromatic odor. Synura (a protozoa) 
produces a cucumber taste. Bacteria can also produce odors. 
For example, under anaerobic conditions (no dissolved oxygen), 
sulfur compounds are reduced (chemical reduct ion) ^ to sulfides.^ 
Hvdrogen «;ulfidG is thereby also produced along with its 
rhar.)' rer ist i< rotten e^g odor. Odor is measured by addinp, 
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odor free water to a sample until the odor is just noticeable. 
For example, if a 10 ml sample is diluted by 100 ml of odor 
free water to the point where the odor is just barely notice- 
able, then the odor number or threshold is 100/10 = 10, or a 
10 to 1 dilution will erase the odor. This test is performed 
by the haman nose and therefore is not absolute and subject 
to variation. 

Heating a water releases more volatile material and in- 
creases the odor. Most odor values range from no odor to a 
few hundred. Only the lower values are of much use in 
quantitizing measurements. Odor is restricted in ' '^e drinking 
water standards. 

J/\SJE Taste in water is normally attributed to the chloride and 

sulfate ions. Some organic material which produces odor also 
is involved in taste sensations. The test is similar to the 
odor test; that is, a human sensor is used. The test is 
subjective but useful in some situations. Water containing 
chloride concentrations around 1000 milligrams per liter is 
not suitable for drinking water. 

SOLIDS Solids testing, is important in characterizing a water. 

The test essentially measures the amount of solids left after 
the water evaporates. This solid residue can be further 
heated ♦:o about 600^0 and organic material will be volatized. 
If the sample is filtered before testing, then only the 
dissolved ion type material is reflected by the test. An 
analysis of this type ,shows how rauch material is suspended 
(filtered out) and how much is dissolved (passes the filter). 
By heating to around 600^0 earh of these functions can be 
further catagorized into volatile (organic) and fixed <in- 
organic) f ract ions. 

High velocity runoff from erodi^^le soil would show large 
amounts of suspended mater'al and less dissolved material. 
Organic wastes from cities and industries would show large 
amounts of volatile matter c'tht-r susp<.ndec or dissolved or 
both. Water at lower reaches* of basins nonnally shows higher 
salt content than at higher r-aches because of many uses 
during the flow passage. Sic? moving streams carry less sus- 
pended matter than fast moving ^.^treams. ^-^U content 
(dissolved) can range from less than 10 to 33.^00 mg/1 in the 
ocean.: Suspended material normal! v ranges fro--^ zero to a few 
thous^nnd.: 

Oil and grease in water are measured two way3: by volume 
(^o much per volume) and by surface (so much in the surface). 
Oil or grease ran he dissolved or homogenized in the Wciter to 
sor'> extent and is measured by volume. Oil or grease can 
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also float on the surface and produce a surface pollution. 
Most oil and grease found in water comes from human activity, 
including normal household sources and industrial oil wastes. 
They are limited in streams to very low values, normally less 
than 10 or 15 mg/l and no visible discoloration of the surface. 
Oil spills and the possible resulting pollution are rapidly 
being reduced by concentrated efforts of enforcement agencies 
with significant industrial cooperation. 

TOTAL In recent years tests have been developed to quickly in- 

CARBON dicate the amount of carbon (organic material) in water. One 

of these is the Total Carbon (TC) test. The test ^ consists 
essentially of evaporating the water and volatilizing the 
carbon to carbon dioxide gas and measuring the amount of carbon 
dioxide. The test is a collective test indicating only the 
total carbon (or carbon dioxide) present. Specific compounds 
are not identified. Since each t>"pe of organic compound has 
different chemical properties a test of this kind only gives 
gross values. It is a good test fot^ getting overall values 
of organics and is replacing the volatile solids test mentioned 
under solids testing. 

Chemical parameters are more difficult to understand than 
physical parameters. Procedures for determing concentrations 
are normally complex, involving several steps and percise 
reagents or expensive analytical equipment. After securing 
the basic data a complete evaluation is also complex. If one 
considers all the inter-relationships of each parameter in- 
eluding all phases of air, water, and solids the situation 
would require a computer for solution. Fortunately, many 
species in any given sample are not significant, either 
because their concentration is too low or because they do not 
react dynamically with the system. The general scheme of 
chemical parameters in water can be visualized if insignificant 
species are not considered. 

pH The term pH has been discussed somewhat in Chapter 6. The 

mathematical definition is 

pH = -log [H^O"^] (8-1) 

the brackets refer to the hydronium ion ccmcentration. In 
fact, it is more precise to refer to the hydronium in activity, 
but in most fresh water systems this is unnecessary. pH is an 
intensity term which describes the balance of acids and bases 
In a water. It is not a capacity factor like alkalinity which 
Indicates an amourt. pH is temperature dependent, as are all 
chemical parameters. Neutral pH is 7.0 only at 25 C (see 
Chapter 6)» 

«» 
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ALKALINITY 



CALCIUM AND 

MAGNESIUM 

(HARDNESS) 



pH is a very significant chemical parameter. Nearly all 
chemical reactions are pH dependent. Tne concentrations of 
various ions in solution depend on the pH. In like manner 
the biological systems found in water operate within the 
neutral pH range from about 4 to 9. Outside of these ranges 
they die. 

Most natural waters have pH values from 4 to 9. In the 
West pH values are basic around 8; in New England waters 
are slightly acidic around 6.5. The pH is determined by the 
soil or mineral content the water has contacted. In the West 
many of the minerals are solid bases which make the water 
slightly basic. In New England, very few minerals are present 
and carbon dioxide from the air and decomposition processes 
makes the water slightly acidic. Other areas of the country 
generally lie in between these extremes. 

Alkalinity is another useful chemical parameter. In 
effect the alkalinity is a sum of all the bases in a water. 
Or said another way, it indicates how much acid can be added 
to a water before the pH exceeds the general biological limit 
of about 4 (neutralization). Alkalinity is a collective term, 
that is, it is not specific to any one species. Alkalinity 
is a capacity term not an intensity term like pH. 

Alkalinity is a significant water variable. It indicates 
the stability of a water system with regard to acids and bases. 
The more alkalinity the more stability, or said another way, 
the less change in pH for added acids and bases. Since 
biological systems depend on n<?rrow pH ranges, pH stability 
is important. Normal values of alkalinity range from around 
10 or 20 to around 300 ppm as CaCo^. In the West, you find 
the higher values because of the mineral content in the soil. 
In New England very low values are common due to the lack of 
mineral content in the soils. 

Calcium and magnesium ions ai 'j generally always present 
in water. The sum of these two ions is called the water 
hardness. Occasionally other ions are included in the hardness 
term but generally only the calcium and magnesium ions are 
significant, based on concentration. Calcium and magnesium 
ions are derived from various minerals, specifically lime- 
stone (CaCO^), magnesite (MgCO ), brucite Mg(OH) , dolomite 



These ions are significant in many areas of water use. 
They effect the suitability of the water for municipal use, 
industry, and agriculture. Hard water may incrust (deposit 
CaCO^) or reduce the effectiveness of soaps. Normal values 
of hardness vary from about 10 or 20 to about 300 mg/1 as 




gypsum 
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CaCO , Again the higher values are in the West and low values 
are in the East due to mineral content in the soil. Higher 
mineral content gives higher hardness. 

CHLORIDtS Chlorides are widely distributed in nature. They are 

AND found in many different kinJs of minerals and in ocean waters. 

SULFATES Human urine and industrial wastes also add to the chloride 

concentrations. Chlorides react only moderately (change) 
after their dissolution into water. Its concentration increases 
with general water use in agriculture^, industry, or munici-" 
pality. Generally the amount of chloride in water is low, 
seldom above 80 mg/1. Its major significance rests with its 
taste in drinking water (limited to 250 mg/l) and its proper- 
ties affecting agriculture. 

Sulfates are also common in nature. Gypsum (CaSO^) is 
very soluble and increases both the hardness (Ca ion) 'and the 
sulfate ion. There are several oxidation states of sulfur 
ranging from sulfide to sulfur (solid) to sulfite to sulfate. 
The form in which sulfur is found depends generally on the 
availability of dissolved oxygen. The more oxygen the higher 
the oxidation level (for example sulfate). 

Sulfides are odorous (^2^^ hydrogen sulfide) and are 
found where anaerobic conditions prevail (no oxygen). The 
presence of sulfides in a water indicates pollution. Sulfates 
are significant in drinking water primarily because of their 
laxative effects. Values over 500 mg/1 can cause laxative 
effects unless the body has been acclimated to it. 

The amount of dissolved oxygen in a water depends on the 
temperature, altitude, and chemical state in the water. As 
temperature increases the oxygen level is reduced (see Table 
8-2) from 14.62 mg/^ at O^C to 9.17 mg/1 at 20^C. Since the 
amount of oxygen in water depends on its partial pressure 
above the water (Henry's Law), an increase in altitude should 
reduce the oxygen level. This change is about 3.7% per 
thousand feet. The third dependence of oxygen relates to the 
activity or salt concentration in the water. As salt concen- 
trations increase, for a given temperatiire, the oxygen values 
decrease (see Table 8-2>.^ 

nissolved c^xy^en gives significant information on the 
stntQ of a stream or lake. Values approaching saturation 
(Tahle 8-2) generally indi.^ate little bacterial activity. In 
other cafies, the water may be very polluted. Algae can pro- 
duc(^ saturated values durinj.^, daylight hours overcoming, 
bacterial demands for oxygen. This shows that one parameter 
dcMvs not evaluate n water's condition. Low values of oxygen 
indicate that the oxygen is being consumed either by chemical 
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TABLE 3-2 

EQUILIBRIUM VALUES OF DISSOLVED OXYGEN IN FRESH AND 
SEA WATER IN AN ATMpSPHERE CONTAINING 
20.9% OXYGEN AT SEA LEVEL 

Dissolved Oxygen (mg/1) for Stated Concentrations 
of Chloride (mg/1) 



Tempera- 



ture, C 


0 




5000 


10000 


15000 


20000 


0 


- 14. 


7 


13. 


8 


13. 


0 


12. 


1 


11. 3 


1 


14. 


3 


13. 


5 


12. 


7 


11. 


9 


11. 1 


2 


13. 


9 


13. 


1 


12. 


3 


11. 


6 


10. 8 


3 


13. 


5 


12. 


8 


12. 


0 


11. 


3 


10. 5 


A 


I'' 


1 


12. 


4 


11. 


7 


11. 


0 


10. 3 


5 


12. 


8 


12. 


1 


11. 


4 


10. 


7 


10. 0 


6 


12. 


5 


11. 


8 


11. 


0 


10. 


4 


9.8 


7 


12. 


1 


11. 


5 


10. 


8 


10. 


2 


9.6 


8 


11. 


8 


11. 


2 


10. 


6 


10. 


0 


9.4 


9 


11. 


6 


11. 


0 


10. 


4 


9. 


7 


9.1 


10 


11. 


3 


10.7 


10. 


1 


9. 


5 


8.9 


1] 


11 . 


C 


10. 


4 


9. 


9 


9. 


3 


8.7 


12 


10. 


8 


10. 


2 


9. 


7 


9. 


1 


8. 6 


13 


10. 


5 


10. 


0 


9. 


4 


8. 


9 


8.4 


14 


10. 


3 


9. 


7 


9. 


2 


8. 


7 


8.2 


15 


10. 


0 


9. 


5 


9. 


0 


8. 


5 


8.0 


16 


9. 


8 


9 


3 


8. 


8 


8 


4 


7.9 


17 


9. 


6 


9 


1 


8. 


7 


8 


2 


7.7 


18 


9. 


4 


9 


0 


8. 


5 


8 


0 


7.6 


19 


9. 


2 


8 


8 


8. 


3 


7 


9 


7.4 


20 


9. 


0 


8 


6 


8 


1 


7 


7 


7.3 


2.1 


8. 


8 


8 


4 


8 


0 


7 


6 


7.1 


22 


. 8. 


7 


8 


.3 


7 


8 


7 


.4 


7.0 


23 


8. 


5 


8 


.1 


7 


7 


7 


.3 


6.8 


24 


8. 


3 


7 


.9 


7 


.5 


7 


.1 


6.7 


25 


8 


2 


7 


.8 


7 


.4 


7 


.0 


6.5 


26 


8 


0 


7 


.6 


7 


.2 


6 


.8 


6.4 


27 


7 


9 


7 


.5 


7 


.1 


6 


.7 


6.3 


28 


7, 


7 


7 


.3 


6 


.9 


6 


.6 


6.2 


29 


7 


6 


7 


.2 


6 


.8 


6 


.5 


6. 1 


30 


7 


4 


7 


. 1 


6 


.7 


6 


.3 


6.0 



cr biological reactions. Some groundwaters show little oxygen 
because of non-contart with the atmosphere. Dissolved oxygen 
in combination with many other parameters can indicate a 
strem*s condition. 
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Nitrogen occurs in water in various states: organic nitro- 
gen, albuminoid nitrogen, ainnionia nitrite and nitrate.. Organic 
nitrogen occurs in all living systems, primarily as protein. 
This total amount of nitrogen is called "organic nitrogen". 
A protein of this total liberated by the action of alkaline 
permanganate is called "albuminoid nitrogen". In normal 
decomposition the organic nitrogen compounds break up to 
ammcfiia (NH^). If oxygen is present the process can continue 
as the nitrogen is further oxidized to nitrites and nitrates. 
The nitrogen cycle in combination with other parameters gives 
good information on water quality. High values of organic 
nitrogen indicate high numbers of living systems. This pro--- 
bably indicates recent pollution. In clean waters, albumi^noid 
nitrogen is about. 50% of the total organic nitrogen. In 
polluted waters the percentage is much higher. As the nitrogen 
compounds reach the higher oxidation states (nitrate) it can be 
assumed that organic pollution is not present or the bacterial 
population is inhibited. 

Many other elements exist in water. Their importance can 
be significant even in small concentrations. Toxic metals, for 
example barium, can cause problems in very low concentrations 
to living systems. 

Phosphate compounds are common in water. They form part 
^of the fertilizer system which is necessary for plant growth. 
; In small amounts they may limit growth since most other 
necessary growth factors are present in water. This has led 
to the idea that phosphate is the limiting nutrient in plant 
growth in water system. In some cases, this may be true. ""^ 
Phosphates enter water from three major sources; phosphate 
rocks, detergents found in sewage, and agricultural runoff. 
Control of phosphate is important in pollution programs. Con- 
centrations around 1 mg/1 and above can cause more growth 
problems. 

In water there is organic material. At the present time 
the classification of this material is time consuming and 
expensive, but it is still important to come up with some 
indication of its presence. Under physical parameters, the 
Total Carbon test was mentioned. Chemically there is also a 
test which indicates organic matter. In this test organic 
material is oxidized in a boiling acid solution of dichromate. 
The amount of dichromate used indicates the amount of 
chemically oxidizable organic matter present. This test has 
seme per it and can give important values for stream analysis. 
The Chemical Oxygen Demand (COD) test is a collective para- 
mctt-r like the Total Carbon test. No delineation of organic 
tvpo<^ is possible. And, since that is important, the test is 
not fully sat isl -^ctory High values of COD indicate high 
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amounts of organic material which probably means pollution. 
COD values are generally ]ess than Total Carbon values since 
some carbon compounds resist oxidation. 



BIOLOGICAL 
PARAMETERS 



TOTAL 
COL I FORMS 



FECAL 
COL I FORMS 



Biological parameters are the most complex parameters in- 
volved in the water environment. They are living systems 
adapting and moving through complex inter-relationships with 
each other, the water, and the material in the water. It is 
fascinating to study the wide variety of organisms in a water, 
but the procedures are time consuming and expensive, and 
require highly competent help. These kinds of studies are 
normally used only for research objectives. Fortunately there 
are several organisms found in water which indicate its 
quality. Their presence and number indicate whether a stream 
is fairly clean or heavily polluted. Some of these parameters 
are: total coliforms, fecal coliforms, and plankton. There 
also is a collective parameter showing a relationship between 
the organic material and the bacteria, the Biochemical Oxygen 
Demand (BOD) parameter. 

Biological Indicators are indirect measurements of the 
quality of a water. Game fish have been used as biological 
indicators for many years. These fish are sensitive to 
pollution, so their presence normally indicates a clean stream. 
On the other hand, bacteria found primarily in the human 
intestine would indicate sewage pollution if found in a stream. 

The total coliform group is composed of two major parts, 
fecal coliforms and soil coliforms. The fecal coliform group, 
composed primarily of Escherichia coli, is present in the 
intestines of all warm blooded animals. The soil coliform 
group, primarily Aerobacter aerogenes, is found in soil, on 
grain and in decaying vegetation. The presence of total 
coliforms indicates possible contamination by sewage. The 
presence of pathogens, disease organisms, is also possibly 
indicated . 

The test procedures for total coliforms are relatively 
easy using the membrane filter technique. Most water plants^ 
have this equipment available since drinking water standards' 
limit the number of total coliforms in the water to an average 
of 1 per 100 ml. 

The fecal coliform group contains only that part of tho 
total coliform group which rome^ from intestinal waste. Their 
presence indicates, generally, human sewage pollution, and 
not soil or vegetation contact. New test procedures for 
fecal coliforms have been developed in recent years using 
the membrane filter system.: The test is more complicated than 
the total coliform tes^ hut is still relatively easy to learn. 
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Fecal coliforms .are restricted in the new guidelines for 
domestic sewage effluent discharges, and they are becoming 
an important new indicator of pollution. 

PLANKTON Plankton is a term which normally refers collectively to 

the algae in a water. The presence of large amounts of algae 
indicates pollution. The form of the pollution is interesting.. 
Algae, during daylight hours, functions as a plant; that is, 
it uses carbon dioxide for carbon, sunlight for energy, and 
minerals from the water to grow, producing more algae and 
oxygen. In recent years research has shown that primarily 
phosphates and sometimes nitrates are the limiting factors 
for algal growth. Where the concentration of these is large 
sudden algae growth, a bloom, is possible. 

Algal blooms normally contain only a few Genera, They can 
impart nauseous odors to the water, kill fish, poison live- 
stock and mussels and seriously interfere with water use. 

Major sources of phosphates and nitrates are from sewage 
and agricultural runoff. Modem sewage treatment plants, 
uTKier construction, will remove phosphates from the sewage. 
Older plants will increase their treatment to also remove 
phosphates in the future. Some lakes (Lake Erie) have serious 
problems associated with algae blooms. 

BIOCHEMICAL niochemical Oxygen Demand (BOD) is one of the most popular 

OXYGEN parameters in water analysis. It is also one of the most 

DEMAND misunderstood. In order to understand its significance, a 

brief description of the test itself is necessary. The test' 
consists of adding a small portion of the sample to be tested 
to a bottle.. To this is added a volume of water (BOD water) 
which contains oxygen, buffers to control pH, and nutrients. 
The bottle is then placed in an incubator (20 C) for five 
days. At the end of this period, the amount of oxygen left 
in the bottle is measured. The difference between the amount 
of oxygen at the start and the amount left is the amount used 
or the Biochemical Oxygen Demand (BOD). 

In the test procedure,\ bacteria feed on the organic 
matter and use oxygen. The test indicates organic matter 
indirectly by the oxxygen consumed. The organic matter in- 
dicated is only that part vhich is degradable by bacteria.. 
Many organic forms are non-biodegradable and are not indicated. 
^ veral features of this tL»st must be recognized. First, a 

1 (bacteria) is necesr^ary for a proper test. In some cases 
oij^anir material is presenk in water (industrial waste for 
example) with few bacteria.A Therefore a seed must be supplied 
for proper results.: Secont^ some organic material is not 
metabolized or at least i^ metabolized very slowly"^y the 
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bacteria. In this c.aso» low HOD values do not mean the ah- 
^ sence of organic material . Aromatics fit this ca*;e, again 

perhaps from an industrial waste discharge. The test is a 
collective parameter and does not indicate specific compounds. 
Third, the test bottle is not stirred, under standaru pro- 
cedures. This reduces the ''ate of metabolism during the test. 
Many people use this test to indicate what will happen in a 
stream to the oxygen reserve. Streams are mixed (stirred) and 
direct correlations between the test and the stream are 
impossible. The test however is very popular. If evaluated 
properly it provides an important parameter for consideration. 
BOD values are less than COD values which are less than TC 
values. Raw sewage has a BOD of about 200 to 250 mg/liter. 
Some easily metabolized wastes, for example sugar waste from 
a sugar refinery, have BOD values of several thousand. 

PARAMETER The numbci of parameters involved in water testing is 

INTERRELATIONS broad. This is necessary. The use? of water are many and 

varied; likewise, th'^* wciste materials that pollute our streams 
are also many and varied. Several of the parameters complement 
each ether and give a comprehensive picture of a stream, Tn 
this light, it must be emphasized that 

— All stream parameters must be considered 
for proper stream evaluation — 

There are no general rules that apply in all cases. A 
thorough understanding of the hydrologic cycle, stream 
hydraulics, chemical dynamics, and biological interrelation- 
ships is necessary for complete evaluation. This should not 
detract from the idea that the basic fundamental relationships 
ran easily be identified and evaluated. 

A model is presented to illustrate some of these basic 
relationships (Figure 8-1). The model consists of a small 
water basin with different types of natural source waters, 
both farm and irrip,ation lands and a mountainous region. The 
two source waters join and flow into a reservoir which 
Supplies water to the city and an industrial complex in this 
case a poorly operated pulp and paper mill. Waste discharges 
from the paper mill and the city are discharged back into the 
r Ivor . 

Monitoring stations are identified on the model (P'igure 
8-1)., These stations will <^how how the quality of the river 
is effected by its history. The site.^ have been selected 
that proper hydraulic mixing has been achieved and the 
stream is of uniform quality upstream from the monitoring 
station. The stations are below the mixing^xone. Table 8-3 
^umniri/.fs the te.-^t data from the various monitoring stations. 
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_ S<im]\l Oxygon (ng/1 ) 

I'ls- Saturn- 

- ■ - - - ^1)1 ved tion Color 

Stations j^'itt*_ Hour _ 1 f mj;. '^\\^ oxygen Values Units 

1 June 6 9 a.ni. 7.1 11. ^ 11.3 50 

2 ii^ne h ]() a.m. 1 3"c 7 . 9.0 10.2 30 
\ lune h. 11 .a.m.: l^^^C 7.2 10.7 10.8 Ul 
U June 6 1 p.m. 15°(: 7-2 10.0 10.2 30 
5 .J^e 6 1 p.m. lO'V: 7.5 8.1 11.3 10 
f) ave. June 6 3 p.m. 1 7''c 8. A 3.0 9.7 100 
7 ave. June 6 A p.m. 1 ^^(" 7-8 1 2 9.^ 130 
H <]ve. lune 6 5 p.m. 1 7^C 7.7 A.H 9.7 105 



TABLi: ) (Cont. ) 
MOD CI. PAR/\MrTERS 



Solids (mg/1) 



Stations (Vlor Total J^^t^i^^ , ^>lr^£.^Jl^-^^ Dissolved 

Fix ' Vo'j Fix Voi Fix Vol 



^ 100 90 10 50 2 40 8 

1 50 1 30 20 23 15 105 5 

no 110 20 30 10 80 1 0 

1 60 1 55 5 10 0 145 5 

n iS^ 170 5 30 2 155 3 

f, jv. I'A- HOO /*20 380 -150 120 270 2fS0 



i V 



/ ave 



2f)v lOrU) S50 InO 210 290 340 

\ i sa^:rt*e.:h. 1 e 

r.., 700 :4 i ) 2 70 140 1 50 290 120 
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MONITORING 



The selection of a monitoring site or station is the 
first step in developing a surveillance system. The site 
should complement the overall network and provide useful in- 
formation for the objectives sought. Ordinarily, a stream 
site is selected to show what is happening upstream and how 
if. is affecting the water quality. In a lake or reservoir 
area, a site is selected to indicate quality changes due to 
activities around and on the lake. Vertical sampling is 
important as quality parameters generally vary with depth. 
Groundwater sites, normally in wells, are used to determine 
the normal aquifer flow rate, mineral content, dissolved gases, 
and general water quality. Groundwater sampling is on the 
incrc 'se. There are two general reasons for this. Available 
supplies from surface waters are being reduced and disposal 
wells for pollutants are becoming popular. This possible 
kind of pollution must be monitored. 

SITE A. Stream Sites 

SELECTION The proper selectior^ of a stream site involves 

many steps; ^ 

« 

1, ^ Walk the entire ^tretch of stream in ques- 
tion. Boats or air bj^ats are also useful in 
this step. Learn thej stream hydraulic structure, 
flow patterns, bank etosion, high and low water 
marks, vegetative cover, agricultural patterns, 
access roads and population habits. 

2, Map all waste discharge points and tributary 
confluences 

3, Measure general stream flow rate and flow 
from /ill tributaries and waste discharge points. 
Discharge rates from stream quantity monitoring 
stations and city or industry stations should be 
oonsulted ,^ 

4, Mtjjsure quality parameters from tributaries 
<ind waste discharges. 

3. Select sites based on objectives sought 
using data from steps 1 through 4. The sites 
should he easily accessible. A two-hour hike 
to the sit(' can cause operational problems. 
The site should be below the mixing zorte so one 



TABLE 8-3 (Cont.) 
MODEL PARAMETERS 



Collforms/lOO ml mg/l 



Stat ion 


Total 


Fecal 


BOD 


COD 


1 


— — — — \ - • 

10 


0 


0 


0 


2 


280 


50 






3 


. 150 


20 


10 


15 


4 


80 


10 






5 


30 


6 


10 


15 


6 


35 


7 


400 


700 


7 


5 X 10^ 


4 X 10^ 


450 


800 


8 


3 X 10-^ 


6 X 10^ 


200 


800 



It is assumed that it is spring and daily variations, due to 
city and industrial use, have b6en averaged for the data 
presented. Obviously, the city uses little water and applies 
little waste to it during the night period. The industry is 
also only working during the day. The basin is close to sea 
level elevations. Analysis of the data presented in Table 
8-3 must be done vertically as well as horizontally. This 
moans each parameter must be viewed in space (up or down the 
ri/er system - vertically in the table) and each station must 
be vifjwed through all the parameters at one time (horizontally 
across the table). 

STATION #1 Monitoring Station #1 is characteristic of a spring 

mountain type stream. The temperature is still fairly cold 
from snowmelt water. The dissolved oxygen is at saturation 
indicating good turbulent mixing in the stream with little 
organic material. Color and turbidity units indicate a wash- 
out of color from forest humus and a fast flowing stream 
carrying spring washoff silt. The solids data indicate little 
organic material (volatile) and about an even split between 
suspended material and dissolved material. The chemical data 
show very little in the water. The pH is near neutral and 
ronsldering the hardness^ this is a very soft water. Bio- 
logical parameters show a relatively unpolluted stream.. 

All i.i all Station //I data show an un- 
polluted natural mountain stream — 
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STATION #2 Monitoring Station ^'^2 is characteristic of a stream con- 

taining drainage from an irrigated farm land area. The 
dissolved oxygen is a little less than saturation probably 
due to some decomposition processes. There is some BOD con- 
firming decomposition. Color is stiU high from vegetable 
organic material and there is a distinct vegetable odor (v) 
in the water. The slower moving stream shows long turbidity 
values compared to the mountain stream, which seems reasonable. 
The solids breakdown indicates a buildup of dissolved material 
and a reduction in suspended material. Water contact with the 
soil should introduce some more dissolved species and slow 
movement and the soil filtering action should reduce suspended 
material. 

The chemical analysis shows a soft water with a little 
more basic pH and alkalinity, again probably due to soil 
contact. The bioi^tical parameters indicate increased coli- 
form counts, predominantly soil coliforms from agricultural 
soil runoff. No nitrates are evident showing good soil and 
fertilizer practice. 

— All in all, Station #2 data shows a 
clean stream eminating from an agri- 
cul4:aral area — 

STATION ^2 Monitoring Station ^^*3 is downstream from the confluence 

of the two streams. The quality parameters should show an 
averaging of the separate streams. The averaging will depend 
on the quantity of flow. If the mountain stream is the major 
stream then Station //3 should look similar to Station ^/l. If 
the agricultural stream has the most flow then Station //3 will| 
reflect that, In addition to straight av*^raglng, it should 
be recognized that chemical reactions, rates of reactions and 
biological systems can change when dissimilar waters are mixed. 

In this case^ it appears from rhe data that each river is 
contributing about 50J^ of the flow. Most parameters appear to 
be diluted by the joining. 

All in all. Station #3 indicates a general 
50-50 mixture of the mountainous and 
agricultural streams, a relatively clean, 
softwatcr stream with very little material 
in it — 

Monitoring Stations //4 and //5 are in the supply reservoir, 
is is not a large reservoir and it is influenced by the in- 
ming stream. Station //4 is at the top .^f the reservoir and 
at ion //5 is at 50 feet depth. The temperature i .s higher 
an those o*^ .ind //2 indicating larger stirface area and 
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more warming on the surface. Station #5 is colder showing 
that the reservoir is stratified. If the reservoir is not 
too large, it may have overturned earlier in the Spring. The 
water in the lower section of the reservoir seems to be the 
older water. New water (considering the temperature) would 
enter somewhat below the surface but above the 50 foot depth 
of Station //5. 

There appears to be some mixing vertically between the 
entering stream and the surface. The color is higher at the 
top than the bottom. Turbidity and suspended material seem 
to be settling out toward the bottom. Turbidity and sus- 
pended solids are increasing with depth. There is a slight 
increase in BOD with depth but a value of 10 mg/1 is 
insignificant. 

~ All in all, the reservoir shows a di- 
lution of the stream parameters, a 
warming on the surface with stratifi- 
cation below. Chemical parameters are 
modified by the incoming stream and the 
present older water in the reservoir — 

STATION #6 Mq^itoring Station //6 shows the significant influence of 

a paper and pulp mill. This particular one is poorlv operated 
and its waste discharge is seriously polluting the stream. 
Several parameters have changed significantly. The temperature 
has increased to 17 C. Since most reservoir intakes are below 
^ the surface an increase in heat content of from 2 to 7 C has 

occurred. All the chemical parameters indicate a large in- 
crease in dissolved and suspended material. Suspended solids 
have increased to 530. About half of these increases is . 
organic material. This is expected from an organic type plaii^. 
Sulfates show an increase due to its use in processing pulp./ 
Dissolved oxygen is down indicating some biological and 
chemical demand. Wastes from pulp plants normally contain 
chemicals in reduced form. Some oxygen is used chemically to 
oxidize these in addition to oxygen requirements of bacteria. 

The biological parameters show an interesting situation. 
The BOD test shows an increase in biodegradable organics. The 
colifonn group population, however, is very small. This 
indicates that organic material is being discharged into the 
stream but concurrent coliform bacteria are not. The COD 
test indicates that about one~half of the organic material is 
not biodegradable or at least only slowly. Many wood products 
fall into this category. 

— All in all. Station //6 shows a polluted 
stream. The waste discharge from the 
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industrial plant is significantly 
changing the clt^in stream — 

Monitoring Station #7 is downstream from the cities' 
effluent sewage discharge line. It shows the cumulative 
effect of the industrial plant and the city. The temperature 
has increased again, the dissolved oxygen is practically gone, 
the BOD has increased to 450 rag/1, the bacterial (fecal and 
total coliforms) population has increased to 500,000/100 ml 
from the sewage discharge and the stream is badly polluted. 
With the values given, a complete absence of oxygen could be 
expected downstream. This would produce obnoxious odors 
(mercaptors) and turn the river water black.. Organic 
nitrogen is now present in significant amounts. Asimonia is 
present indicating only partial oxidation to nitrates. Fish 
life is dead (very little oxygen left). Fixed solids are up 
slightly and organic solids (volatile) are up to 550 mg/1. 

— All in all, the city discharge has 
further degraded the stream. This 
stream is badly polluted — 

Monitorifrg Station //8 is several miles downstreair from 
Station ^/7. No general discharges, other than runoff, occur 
in this stretch of the river. The data indicate a beginning 
recovery of the stream. Dissolved oxygen is increasing (back 
to 4.8 mg/1). The water is cooling off. Solids are decreas- 
ing due to biological and physical (settling) action. 
Bacterial counts are down and the BQD is reduced. There still 
is a high value of COD showing chat some organic material is 
non-biodegradable. Most of this material came from the 
industrial plant. Nitrogen is shown now toward the oxidized 
state. If no more pollution is discharged into the stream 
further recovery should be expected. 

-~ All in all, the stream is in the recovery 
Uage, but is still t>adly polluted — 

The model shown here cnn be varied and examined under 
many conditions. Depending on background knowledge, it can 
develop from the more simple to the most complex analysis. 
Many of the more complex analysis models point up a lack of 
basic knowledge in stream dynamics. New research, particularly 
in stream biology is badly needed. 
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Problems: 

1. Select a small river basin (or lake) for parameter 
study. Walk the river and identify on a map all 
pollution sources as to type of waste and location. 
Collect all recent data on quality and quantity para- 
meters for the river and the pollution sources including 
basin standards. Draw a map of the river basin and 
show major pollution sources, miles between sources, 
flowrates and monitoring stations. 

1. Develop a comprehensive picture of how the basin 
works and answer the following questions: 

a. How does 'the flow in the river change during 
the year? Why? 

b. Select 4 parameters and plot how they change 
from the top of the basin to the bottom of 
the basin. Why are they changing? 

c. Do changes depend on the time of year? 

d. Draw a dual plot of dissolved oxygen (saturated) 
and dissolved oxygen (monitored) (y) as a 
function of river distance (x) . Why do oxygen 
variations occur (be specific)? 

e. Did you find any violations of stream standards? 
Who is to blame for any violations? 

f. What is the condition of the river? Is it a 
clean river? Who has major responsibility for 
the riser's condition (be specific)? 
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The selection of a monitoring site or station i? the 
first step in developing a surveillance- system. The site 
should complement the overall network and provide useful in- 
formation for the objectives sought. Ordinarily, a stream 
site is selected to show what is happening upstream and how 
1'. is affecting the water quality. In a lake or reservoir 
area, a site is selected to indicate quality changes due to 
activities around and on the lake. Vertical sampling is 
important as quality parameters generally vary with depth. 
Groundwater sites, normally in wells, are used to determine 
the normal aquifer flow rate, mineral content, dissolved gases, 
and general water qualit}^. Groundwater sampling is on the 
incrc 'se- There are two general reasons for this. Available 
supplies from surface waters are being reduced and disposal 
wells for pollutants are becoming popular. This possible 
kind of pollution must be monitored. 

SITE A. Stream Sites 

SELECTION The proper selection of a stream site involves 

many steps: \ 
* \ 

1. Walk the entire ^^retch of stream in ques- 
tion. Boats or air bpats are also useful in 
this step. Learn thei stream hydraulic structure, 
flow patterns, bank e)rosion, high and low water 
marks, vegetative cover, agricultural patterns, 
access roads and population habits. 

2, Map all waste discharge points and tributary 
confluences 

3, Measure general stream flow rate and flow 
from nil tributaries and waste discharge points. 
Discharge rates from stream quantity monitoring 
stations and city or industry stations should he 
consul ted 

4. Meajsure quality parameters from tributaries 
and waste discharges. 

5., Select sites based on objectives sought 
using data from steps 1 through 4. The sites 
should be easily accessible. A two-hour hike 
to the site can cause operational problems. 
The site should he below the mixing zotle so one 



sample position will represent the whole cross 
section. If this is not possible, compositing, 
vertically and horizontally across the stream 
wil^ be necessary. Stream testing at various 
distances below discharges points will establish 
the mixing zone length. This length will change 
depending on stream hydrauj^ics. When the stream 
is flowing full, more mixing is present and the 
mixing zone is shorter. During low flow rates, 
the reverse is true and mixing zone may be ex- 
tended downstream. Obviously a site should be 
selected which is below the mixing zone under 
most conditions. 

Figure 9-1 shows a surveillance system with^ ^ 
possible sites for a model stream. This figure was 
also used in Chapter 8. The sites shown in Figure 
9-1 were selected to show the influence of various 
uses on water quality, and Stations 9 and 10 were 
selected to meet discharge permit requirements 
established under Public Law 92-500. It shmild be 
noted that each stream site has a control site above 
it. An evaluation between these sites should es- 
tablish changes in water quality. 

A caution is necessary to site selection. 
Occasionally the main river may be at a higher stage 
than a tributary strean. If a site, ,for example 
Station //2 - Figure 9-1, is too clce to the con- 
fluence, then it may be influenced by the main river 
and not measure the tributary quality. 

Lake Sites 

Figure 9-2 shows a model of a surveillance sys- 
tem for a lake or reservoir. Again, in this /:ase, 
the sites are selected to mark changes in water 
quality due to use. Stations 1 ^^nd 2 measure ^he 
quality of tributaries entering the lake. Stations 
3 and 4 monitor the effects of public swimming and 
camping on lake quality. Station 5 (at the dam site) 
measurps the quality of water leaving the lake. This 
may be in the exit stream or in a discharge to a 
user, for example, irrigation, industry or a city. 

The lake sites should also be sampled at various 
depths. Tf these samples show little change their 

WhatVs going on at the surface is 
not necessarily the same at lower 
depths , 
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sampling frequency can he reduced. Camping, boating, 
and swimming are seasonal sports: therefore, off 
season sampling frequency can be reduced. 

GROUNDWATER C. Groundwater Sites 

Figure 9-3 shows a model of a groundwater sur- 
veillance system. This model contains a normal river 
})asin with agriculture, a city with an infiltration- 
evaporation system for sewage disposal, and a sani- 
tary landfill for garbage disposal, and an open pit 
mine. Below the surface the model shows a confined 
aquifer (water^ trapped between nonporous rock layers) 
and a groundwater table (not confined) which slopes 
toward and discharges into the stream. 

Four stations were selected for surt^eillance. 
Station itl is the control site for the basin. It 
reflects the quality^ of the groundwater at the upper 
reaches of the basin. Station //2 indicates the effect 
of agriculture on the groundwater. Agricultural 
drainage, particularly from feed lots operations 
can drastically change groundwater quality. 

Station #3 monitors the effects of the city dis- 
posal systems. Evaporation and percolation through 
the soil is presently being promoted as the ultimate 
sewage treatment process. Transmission of organics 
and bacteru.a ^-hrough the soil must be monitored. 
Sanitary landfill operations can also affect ground- 
water quality. In periods of high water tables, water 
contact with the garbage is possible. Dramatic 
changes in water quality could result. 

Station //4 monitors the effects of surface min- 
ing. Open pits provide a method for serious changes 
in water quality. Frequently, these pits form ponds 
where minerals are dissolved, acids produced, and 
dissolved oxygen reduced. Flow frjom these areas into 
strearas or groundwater tables must be monitored. 

At all stations some monitoring of the confined 
aquifer is also necessary. In general, little water 
will flow between the normal groundwater table and 
the aquifer, hut wells drilled to tap the aquifer 
raay provide a mechanism for polluting it. Sampling 
sites for groundwater may be farm wells, city or 
industry wells or wells specifically drilled for 
raonitor ing. 
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SAMPLING Samples of surface or groundwaters should be obtained at 

FREQUENCY intervals such that no important change will go unnoticed. 

This requirement predicts the frequency of sampling. In some 
cases, daily or weekly sampling is sufficient since little 
change has occurred. In other cases, quality parameters are 
changing continuously and monitoring should reflect thesfe 
change^- in the final analysis, the * frequency of sampling is 
based on economics- It would be nice to have all parameters 
measured everywhere always, but this is impossible. A com- 
promise between objectives to be met and money available 
always sets boundaries on sampling frequency. 

The J. S. Geological Survey has. followed the practice of 
collecting samples daily as the minimum frequency necessary 
for chemical parameters. This compromise may he sufficient 
for most streams and lakes but obviously is inadequate for 
waste discharges which vary continuously. 

This chapter will develop some of the monitoring techni- 
ques for: 

A. Periodic sampling, and for 

B. Cont itiuous sampl ing . 

PERIODIC * A. Periodic Sampling 

SAMPLING When water quality parameters change slowly, 

\ periodic or '*grab" sampling Is sufficient. 

1 

Equipment for grab sampling is varied. General 
considerations require a wide mouthed bottle for 
actual sampling. This provides easy flow of water 
into the container yith little turbulent and change 
in dissolved gas content. The container material 
should net react with the water. Obviously a 
material which "reacts with the water will change 
the water quality. Another requirement is eas« tn 
handling redpced breakage, and low cost. The trend 
in recent :,'^nrs has been' away from glass containers 
and toward polyethylene teflon or plastic containers. 

Before use, all bottles must be thoroughly 
cleaned and rinsed with distilled water. New bottles 
should be cleaned and then soaked for several days 
to remove possible surface contamination. If the 
bottles are used for bacterial testing, then they 
must be sterilized. The cleaning, rijising In dis- 
tilled water and the sterilizing processes prevent 
cross contamination of the sample with some other 
source. If chlorine is present in the sample and 
bacter ialogical examinations are to be run, then 
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0.1 ml of 10a sodium thiosulfate is added to each 
sample bottle if 120 ml capacitv. This reduces 
(chemically) the chiorine and prevents bacterial kill 
due to the chlorine. 

Grab sampling from a boat or the bank proceeds 
in these steps (seo Figure 

1» If water is polluted or pathogens are 
possible, use a rubber glove, 

2. Hold bottle by its base, 

3. Remove stopper and protective hood (foil) 
if sterilized (keep hood sterile), 

4^ Plunge bottle into stream mouth down, about 
6 to 12 inches. Avoid surface scums and float- 
ing material (example, oil), 

5. Point bottle into flow and tip up to fill. 
Fill bottle with at least 150 ml of sample. If 
dissolved oxygen is not a test parameter, then 
some air space is left at top of bottle. If 
dissolved oxygen is a test parameter, then fill 
bottle completely and seal to prevent in or out 
flow of gasos^ Keep flow smooth; reduce tur- 
bulence, for gas testing, 

6. Remove bottle from water, cap and replace 
sterile hood (foil), if required, back on the 
top of the container, and 

7. Tag and rec^ord pertinent informat ion' con- 
cerning >lte, time, date <ind sample number. 

Crab sampling from a bridge follows these basic 
St ep^' ( stio Figure 9-5) 

1. Use .a nvlon rope md a weights i f rame .con- 
t. lining the- s<jmp 1 e boitle, 

2. KL'n(Wt.- rap and st^'f/lle hood if required, 

]. I.ower bf'ttle and frame from bridge (down- 
stream side) into stream, 

4. Pull hottl ' toward bridge to fill. 
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Figure 9-4 
-Grab Saroplirxg from a Boat or Shore 




5. After filling, *pull bottle to bridge surface 
(watch out for bridge structure), 



6. " Reseal and tap with sterile foil hood, 

7. Tag and record pertinent information concern- 
ing site, time, date and number. 

m 

*» 

Some note should be made about- safety concerning 
sampling.^ There are two major hazards in sampling: 
the .environment and disease. Environmental hazards 
include snakes, falling in the water, animals, ice, 
electric pdwer lines, rotting timbers on old bridges, 
falling of f bridges, motors and equipment and traffic. 
Disease hazards are always possible in handling water 
samples. Rubber gloves should be used and hands 
should be wasrhed with soap before eating in the field. 
Bacterialicidal soap is useful. 

Field tests must include- 

4. Tempera*ture, 

2. pH,^ ' ^ 

3. Dissolved oxygeh, and 
A. Specific conductance 

A These parameters can change with time. The para- 
meter, pH, is sensitive in many' waters to biological 
action and to gas interchanges with the atmosphere.^ 
For this reason, it should be measured'cin-the 'field. 
Acidity and alkalinity are also recommended for field 
testing. 

There are several other parameters which can 
change with time. ^ As a matter of fact, all parameters 
change with time and unless they are measured in the 
field or preserved for later laboratory testing, their 
magnitude will be in doubt. 

The changes that talce place are physical, biologi- 
cal, and chemical. It must be remembered that the 
water in the sample^ bottle is now in a new environment. 
New adjustments to this environment will occur. 
Adsorption on the container o^- on soil particles may 
occur 1 The container may contaminate the sample with 
material that may .not be cleaned off. Metal ions 
may precipitate as hydroxides or oxides or form com- 
plexes' which adsorb surfaces. The pH may change * 
affecting the kinetics (speed up or slow down) of 
reactions. Dissolved oxygen, or its absence, may % 
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affect the val^ce states of oxldlzable, or re- 
ducible species. Biological reactions can drasti- 
cally change the water sampTe. In the new environ- ' 
ment (^water in sample bottle), algae may grow 
changing the pH balance and thus affecting the 
entire chemical structure of ^;he water. Algae may 
die^ increasing the bacterial population feeding 
on them and again change the entire chemistry of the^ 
water. Since parameter data must -reflect what is 
going on at the sample site, sample preservation 
must be considered. 

There is some difference between analysts as to 
proper sample preservartion techniques. In general, 
the techniques are intehjded to: ' ^ 

1. Retard biological reactions, * 

2- Retard the hydrolysis^and polymerization of 
chemical' compounds, and 

3. , Reduce 'the volatility of molecules by * 
ionizing them. 

These techniques cannot be done all at once. For 
example, reduction of volatile compounds requires a 
high pH (add NaOH). A high pH will kill bacteria and 
algae and obviously not preserve them. Biological 
parametears are preserved by refrigeration ot cooling. 
Therefore, in order to test for all parameters, 
several samples mtist be taken and preserved in 
different ways. Proper tnarking of tags is essential 
for later analysis. 

Table 9-1 gives the general preservations that 
are used to retard changes in samples. In general 
refrigeration at a temperature of 40 C or less. is the 
best technique. 

Ta))le 9-2 gives specific preiservatives for sam- 
ple protectiott. 

Both Table 9-1 ^nd 9-2 are the techniques 
approved by the Regional Analytical Quality Control 
Coordinators of the U, S. Environmental Protection 
Agency. They are reported in the text, "Methods 
for Chemical Analysis of Water and Wastes 1971»'* 
published by the U, S. Government Printing Office 
stock number 5501-0067. 
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TABLE 9-1 

general'' sample preservatives 



Preservative 
HgCl. . 



Action 



Bacterial Inhibitor 



Acid (HNO^) Metals solvent, 

# prevents precipita- 
tion 

Acid (H^SO.) Bacterial Inhibitor 



>tSalt formation with 
0 organic, bases 

Alkali (NaOH) Salt formation with 
volatile compounds 

Refrigeration Bacterial Inhibitor 
or freezing 

J ♦ 



CONTINUOUS 
SAMPLING 



Appllcajble to ; 

Nitrogen forms, 
Phosphorus forms 

Metals 



Organic samples (COD, 
oil h, grease, organic 
carbon, etc'. ) ^ 

Ammonia, amines 



Cyanides, orgarflc 
.acids 

Aoldlty alkalinity, 
organic materials, 
"^BOD, color, odor, 
organic P, organic N, 
»carbon, etc., biologl-- 
" c&L organisms (coll*- 
, form, etc) 



As mentioned, there Is some difference between 
analysts as to sample prese^'vatlon. The U. S. 
Geological Survey recommends breaking samples Into 
filtered and unflltered (at the field site) and then 
refrigerating or adding preservatives after filtering. 
With turbid waters, this technique has Its merits;' 
because the surf ace areas, associated with the 
turbidity, can rapidly change the properties of the 
sample. 

B. Continuous Sampling 

In recent years, automated or continuous sampling 
equipment^ has come on the market.- This equipment can 
only monitor a few parameters and must be ^pplemented 
with periodic sampling. The equipment can, however, 
provide useful Informatlon-for-pollutlon abatement 
programs. Ft)r example. If a stream parameter, con- 
tinuously monitored, should suddenly change, then 
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TABLE 9-2 ^ 
SPECIFIC SAMPLE PRESERVATION 



Parameter 

Acidity-Alkalinity . 

Biochemical Oxygen Demand 

Calcium . ✓ • 

Chemical Oxygen Demand 

Chloride 

Color 

Cyanide 

Dissolved Oxygen 
Fluoride 
Hardness 
Metals, Total 
Metals, Dissolved 

Nitrogen, Ammonia 

Nitrogen, Kjeldahl 

Nitrogen, Nitrate-Nitrite 

Oil and Grease 

Orjganic Carbon 



pH 

Phenolics 



Phosphorus 
Solids 

Specific Conductance 

Sulfate 

Sulfide 

Threshold Odor - 
Turbidity 



Preservative 

^— 



Maximum 
Holding' Period 



4^C 
4^C 



Refrigeration at 
Refrigeration at 
None ^required 
2 ml H2SO, per liter 
None required 
Refrigeration at 4°C^ 
NaOH to pH 10 
Determine on site 
None reqttLred 
None required 
5 ml HNp^ per liter 
Filtrate! 3 ml 1:1 

HNO^ per liter . 
40 mg HgCl2 per • 

liter - 4°C 
40 mg HgCl2 per • 

liter - 4°C 
40 mg HgCl2 per 

liter - 4°C 
2^ ml* H2S0^ per 

liter - 4°C 
2/ml H2S0^ per 

liter (pH 2) 
Determine on site 
1.0 8 CuSO^/1 + 

H^PO to,pH 4.0-4°C 
40 mg HgCl2 per 

lit^r- 4°C 
None available 
None required ^ 
Refrigeration at 4°C 
2. ml Zn acetate per 

liter 

Refrigeration at 4 C 
None available 



24 hours 

6 hours 

7 days 
7 days 
7 days 

24 hours 
24 hours 
holding 
7 days 
7 days 
6^ months 

6 months 

7 days 
Unstable 

7 days 

24 hours 

7 days 

No holding 
24 hours ^ 

7 days 

7 days 
. 7 days 
7 days 
7 days 

24 hours 
7 days 



indications are that some problem has developed. 
This might be a problem in the instrument and there- 
fore not real. *This must be verified by a field 
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PU\NT OPERATION 



check. If the change *is real then a field check 
would also decide on the pollyticn problem. 

Continuous monitoring also is useful in waste 
treatment plant operations. Variations and trends 
give the operators Significant data on pliant effi- 
ciency and stabililty. With the advent of the U. S. 
Environmental Protection Agency's Permit System, 
established under Public Law 92-500, monitoring, 
both' periodic and continuous, will increase in waste 
treatment plants. 



THE SAMPLING 
UNIT 



Several planners have ^visuall^ed automatic 
monitoring equipment at sites throughout^ river* basing. 
^The data producetf^JErom each sit.e would be stored at 
each site and also delivered in re^l time (not 
delayed) by telecondnunications to a central cpmputer. 
This computer would be programmed to perfprm sur^- 
veillance functions and notify proper administrative 
personnel if significant variations had occurred. 

At this time only a very few of these surveil- 
lance systems are* operational in the United States'. 
The equipment reliability and cost has delayed use. 
Future engineering development will improve this . 
picture. 

There are bwo basic elements in continuous 
monitoring: The sampling .unit and the test unit. 

The sampling unit is a delivery system. It 
provides contact Setween the water and the parameter 
sensor. Several methods have been used for this 
system. One' system^ places the sensors on a platform 
or in^a container in the water itself (in situ 
monitoring). Power lines and information lines are 
attached to the sKpre or a*bridge. This system is 
an operational nightmare. CJianges in water heights, 
freezing of sensorsj clogging of sensors, damage 
from floating objects and vandals and difficulty in 
instrument maintenance are common problems. 

Some work also has been, done in lake monitoi'ing 
using the in situ method. Instruments are attached 
to buoys and powered by batteries. These, too, have 
produced operational problems resulting in high 
maintenance and replacement costs. 

In situ monitoring and analysis is the best 
* system, ii it works. Unfortunately, operational 
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problems have reduced its use to short term problem 
solving functions, A second laethod Is to pump the 
water from the stream or lake through a pipe to th.e 
sensors. The sensors would be located In a structure 
on shore. The structure would have suitable power 
arid controlled temperatures. Valuable Instruments 
are protected andi^ maintained a fairly constant 
(emperature. Vandal problems are not eliminated ' 
but somewhat reduced. 

-'^ A general schematic of this second method is 
shown in Figure^9-6. In cold weather climates, the. 
intake line is normally placed under the low water 
line and ground surface. This reduces "freezing 
problems.. Maintenance of the shelter, flow lines and 
pumps is required. 

In general, the lines from the site to the 
shelter have dimensions greater than one inch. This 
provides more flow of water than is needed but re- 
duces clogging and, hopefully, parameter variations 
due to pulping. 

^n all cases, a comparison must be 
made between data automatically num- 

• bered and tested, and data from normal 

test procedures. This will Insure 

that what is being recorded is accurately 

what exists. 

* 

The water from the s£imple line flows through -a 
sensor chamber to a waste line. This chamber has 
severafl electrodes in it which measure various para- 
meters. If spectrophotometrlc techniques are used, ^ 
additional lines are used leading from the sensor 
chamber before finally being vented to the waste^ine* 

Electrode sensors and probes rest on a platform 
support with the sensing elements extending into the 
f lowr-through chamber. Some^ installations have single 
flow-through cells for each sensing system. If the 
sejisbrs (electror^es) are mutually Independent then 
this is not necessary. Figure 9-7 Illustrates the 
general scheme. Spectrophotometer monitoring depends 
on the specific absorption of a narrow band- of wave 
length. 

In order to develop this "color." (wave length) 
sometimes chemicals afe added wilch produce the 
specific absorption. If the absorption is 
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Figure 9-7 
Sensor Chamber 
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' ^ Figure 9-8 
Spectrophotometric Monitorinp. 
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proportional to concentration, Beer^s-Lambert Law, 
then a photoelectric light cell can sense and measure 
the concentration. Since all parameters, which are 
measured in this way, require different chemicals 
and wave lengths, separate flow lines to each of 
these sensors is required. Figure 9-8 shows the 
general scheme? for this kind of monitoring. 

Electrodes are used, almost^ exclusively , for 
determining free ion concentrations in solution. 
Examples of these electrodes, shown in Figure 9-9, 
consist, generally, on a membrane surface, an internal 
solution and a probe.^ 



6la$$ 
pH £t0cfrod§ 



$ohd*$faf0 




Inttrnol 

Filling 
Solution 



Ag-AgCI 
Inttrnol 
Rtftrenct Eltctrodt 




Inttrnol Filf^ng 
Solution 



Ag-AgCI 
Inttrnol 
Rtftrtnct 
Eltctrodt 




Ag-AgCi 
^Inttrnol 
Rtftrtnct 
Eltctrodt 



Glots Mtmbront 



Liquid Junction- 



Cryttollint Mtmbront 



Figure 9-9 
tlectrode Systems 



Membranes are used to separate interfering ions 
from thB ion to be monitored. For example, in 
Figure 9-9, the pH electrode membrane passes hydrogen 
ions through the membrane and blocks other interfer- 
ing ions. The internal solution transmits the 
electrical potential to th€< metal electrode and a • 
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voltage Isr produced « If this is connected to a 
reference electrode (Figure 9-9), then a voltage 
proportional to the hydrogen Ion concentration is 
produced and a pH reading can be made. Reference 
electrodes have a constant potential and therefore ^ 
can be used as a standard. In general, the higher 
the. hydrogen ion concentration, the higher the vol- 
tage between the pH electrode and the reference 
electrode* 



CLOG&ING 



ANTI -CLOGGING 



TEMPERATURE EFFECTS 



Many specific ion electrpdts are now coining on 
the market* These offer an important tool to the 
water quality specialist which .is needed for proper 
monitoring. 

Electrode systems have problems^ in measuring 
environmental parameters. The main problem is one 
of clogging. Host membranes are easily clogged from 
silt, algae^ bacterial slimes and chemicals. This 
causes a change in potential and thereby data infor- 
mation. The problem varies from location to location 
and from season to season. Monitors of this electrode 
type normally require maintenance every week in order 
to produce good data. 

Many companies are developing anti-fouling 
systems for their electrodes. One of these is a 
wiper blcde which periodically clears the membrane 
surface. Others use vibrating bars to keep the sur- 
face free of suspended material. Automatic flushing 
with chlorine water or with wtter jets are also 
methods for cleaning the sensoj membranes. Ultra- 
sonic vibrations have also been used with poor 
results. Membranes degrade, glass breaks and sensors 
are ruined. None of these methods are completely 
reliable and periodic maintenance and recalitfration 
are required. , 

Electrodes are also expensive and breakable. 
Many are-made of glass anH require gentle handling. 
Floating material can easily datnage them when they 
are used in 3itu. 



Temperature can also cause problems* The re- 
actions at the electrode surface are temperature 
dependent; therefore, the instrumentation must have 
a temperature probe which readjusts the sensoring 
instrument • 
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PROBES 



TURBIDITY 
PROBLEMS 



Dissolved oxygen, conductivity and temperature 
are* usually measured or monitored by the use of. 
various t^pes of probes. Probes have similar pro- 
blems a/ do electrodes* They are somewhat fragile, 
need repeated calibration, and maintenance require- 
ments must he carried out periodically. However, 
they are subject to fewer Interferences and usually 
are used alone, that Is, they do not require a 
standard reference electrode. ^ 

The spectrophotometrlc system also has problems. 
The system deoends-on: ^ 

* 1. Determining a specific wave length for 
a specific ion (may require adding a chemical 
to produde a complex necessary' for a sorbance), 

2. Shlnliv, this wave length across che water 
saiSDle, and ^ 

3, Reading the amount absorbed by the specific 
^ ion or its complexed fom. • 

If turbidity is present, there kaay be Interference in 
step number 3. The specific wave may a sorb on the 
turbid particles and show up as **hlgh** values for 
the specific ion being monitored. This problem can 
somewhat be compensated for by using Che double-cell 
method? Figure 9-10. In this case, a reading of 
turbidity (A) is also made and subtracted from the 
total reading (B). The result should be the specific 
ion. T'his is not a fool proof method since some 
chemical **colored** complexes will adsor on the silt 
and not absorb the specific wave lengths. Pretreat- 
ment, including filtration, is the preferred method 
for these situations. 



ANALYZER 



The analyzer unit talc^s the signal, usually a 
voltage or current, from the sensor and amplifies it 
for Comparison and readout. A discussion of 
electronic analyzing is included in Chapter 5. 
Changes in voltage or current signifies changes in 
parameter concentration. Since tlie electronic 
«Iem^ts are sensitive to temperature, they must be 
calibrated against knovm concentrations. One mistake 
which is common involves calibration. Frequently, 
the e^lectronics ace calibrated without the sensors. 
Obviously the whole system must be calibrated and 
maintained and not just the electronic instrument. 
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Figure .9-10 
Double-Cell Method for Turbid Samples 
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Maintenance of analyzer can be quite costly. 
New solid state systems are decreasing this. 
Analyzers should be placed close to the sensor. 
Sensor signals are small in magnitude; and therefore, 
lengthy circuits can change or modify these signals 
by introducing Wrte resistances and interfering 
magnetic fields. ^J 

- Recorders permanently portray the parameter 
data. If the data are graphically^ they might "be 
quite (Continuous. If they liave single values, they 
are les^than continuous. Many continuous monitoring 
systems n^ke measurements frequently, but only record 
every 5, 10, or 30 m^utes. 

The permanent j^cord of data points can\a por- 
trayed in many May^.^tvip charts, circular cIot^s, 
punched tape or magxietic tapeMnd of coutse data can 
be forwarded in real time by telemetry systems. It 
is important that data records be stored for future 
use. Oviously, there is a limit to this, but if 
legal action As necessary then the original infor- 
mation will be reqi«ircJ. Magnetic tape and tele- 
metered data are suspect bccci^H^ of interferences. 

Td data, punched tape or grafrliically charts are the 
best . 



In using a recording system tUming is important. 
The data on the tape or chart must be keyed to time, 
date and place. Reams of data without space and time 
correlation are worthless. . 

St'rip or circular charts produce volumes of paper 
information. They must be set at a speed which will 
shoH significant parameter changes. This al^o pro- 
duces yards of paper for analysis. They do, however, 
present a pictoral display which a human can see. 
This is a plus.x Reduction of data from these kinds 
of charts is moriumental. 

, Other systems^'try to produce the original^data 
in a .form where computers can analyze it. Th'^sfe 
sy^^tems like punched tape and magnetic tape aretmuch 
preferred because of the reduced time in the anMysi^ 
function. . ) 

' Futfire developments in electrode hardware,yin 
in situ monitoring, in analyzer instrument at ig^ and 
ip recorder systems should increase the use of 
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automatic nionifcoring s} stems. The first and opera- 
tional cost of these systems is high, however » and 
their reliability and convenier^re must prove itself 
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Problems: 



!• Select a river basin (see Problems Chapter 8) and * 
select new monitoring sites which are necessary for 
propp.r surveillance of the basin. Consider monitoring 
objectives, pollution sources, mixing, zones, access 
points, tributaries, control sites and so farth. 

2. Discuss and plan the type of monitoring required, 
for example, continuous, noncontinucus, frequency, 
collection, testing, parameters and so forth. Be 
sure to plan for the people and places (be specific). 

3- Take some, samples beloy a municipal sewage effluent 
discharge point (review safety concerning sampling, for 
example pathogens). Pack one sample in ice and leave 
the other at ambient temperature. After 24 hours test 
both samples for fecal coliforms. Compare and explain 
^ny differences^ noted, ^ 
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ROBOT SURVEILLANCE NETWORKS 

Two surveillance networks, based in Ohio, illustrate the 
advantages ^nd problems associated with robot monitoring^ 
These two are the Ohio River Valley Sanitation Commission 
(ORSANCO) and the. Ohio Department of Natural Resources (ODNR) 
Monitoring System. 

ORSANCO ORSANCO has been monitoring the Ohio River and its tri- 

butaries for some 25 years. During the first several years, 
the system was operated manually using the usual laboratory 
and field testing/methods. In 1960, a robot monitoring system 
was put into operation. This system increased testing fre- 
quency, produced data in real time and reduced operating costs. 

SYSTEM The system consists of approximately 30" robot stations 

(Figure 10-1). These stations are in the Ohio River itself 
and also the major tributaries. Each station is equipped with 
^ multiple sensors, including: pH, oxidation-reduction potential,., 
chloride, dissolved oxygen, conductivity, temperature and 
solar radiation. Each station monitors only the parameters 
which are significant to the site. 

The monitors are housed in municipal water treatment 
' plants ^nd power generating stations along the river. These 

sites provide a convenient shelter with heat, a ready source 
of flowing water for tapping, and a power source for monitor 
operation. 

• * I ; Each of the robot stations is tied into ORSANCO head- 
quarters by a transmitter system involving leased teletype- , 
grade telephone lines. Each station is interrogated once 
every hour. In response, the station transmits the quality 
data being measured at' that moment (real-time data). The 
data are punched on^ape for storage, placed in computer pro- 
gramming and portrayed for visual use. 

TELEMETERING This telemetering system provides many advantages over the 

on-site recording methods. On-tlie-site recording of water 
quality data is not real-time data. If tfie charts are read 
once per week, for example, then the data reflects water 
quality for water now many miles downstream; perhaps the water 
is now in the ocean. The advantage of real-time data is 
obvious. Spills or accidental discharges and sudden water 
quality changes can be monitored. Downstream users of the 
water can be informed of possible problems and can adjust 
their operations to fit the problems. 
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Figure lO-l 



Robot Monitoring Station 
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Recently an oil spill occurred on the river. Downstream 
users wer^ warned of the spill. Times for passage of the 
spill were calculated for each user. The user then shut off 
his inflow until the spill had passed. Costly equipment and 
distribution 'systems were protected by this warning system; 

The system could furnish' continuous data, at least within 
minutesy but a balance between enough data .versus too much 
data was •sejiected. The period selected was one hour. Tliis 
time period is sufficient to monitor spills and sudden changes, 
but is not excessive with regard to data and processing. 

The data arriving at the processing center must be 
validated. f 

Is it accurate data or erroneous data? 

< 

Equipment malfunctions will produce erroneous data. It 
is therefore important to check the equipment. Every trans-* 
mission from a monitoring site includes a test .signal which 
monitors the equipment Itself. Reduction in power or poor 
sensing due to reduced flow will produce improper test signals. 
Data included with improper test signals are not processed. 

The data itself is tested. Limits of acceptability are 
used in this test. The first party of this test determines if 
the value is within the usual Tanse of possibility. For 
example, a water temperature of 1 C is August does not seem 
possible and the data point would be in question. The value 
is not within the usual boundaries of water t.emperatures. The 
second test further refines the bo\mdaries to usual values ' 
found in August. Again, the value is not ppssible and the 
data is not processed. The third test monitors the rate of 
change of values. If hourly data shows rapid fluctuations in 
water temperatures, then the data again would be questioned 
and removed from processing. * 

Processing of data cari produce any kind of a printout 
wjiich is deemed necessary. These printouts can show trends, 
maximum and minimum hourly values for daily, weekly, monthly 
or yearly data, and maximum hourly variations. 

Once the computer h^s processed the data, then it is 
evaluated. Two major evaluations are performed using the Ohio 
River Basin data. First, the data is compared to establish 
criteria and standards. These criteria and standards involve: 
Stream Standards approved by EPA for the various stream seg- 
ments, and Users Standards determined by the various users of 
the river (Drinking Water StandaxHe). 

\ 
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The second evaluati5n involves planning. This evaluation 
determines long term trends. For example. If the water-' 
quality Is being steadily degraded^ then better standards for 
waste discharge must be set. These standards may Involve 
both quantity and quality of water. , The effects of wa^te 
discharge Involve th^ pollution para^ieter and Its concentra- 
tion. Concentration is a function of the quantity of flow. 

The key to proper robot monitoring is maiintenance and 
standardisation. The ORSANCO system is maintained by con- 
tract* with the Schneider Instrument Company.* This company 
also supplies the majority of the monit6ring equipment. This 
kind of dual capacity has led to good » operation and per- 
formance. ' ^ • — ' 

Water personnel at' plants' and power stations clean the" 
sensors and flow tjjrough cells weekly. The* Schneider CotDpany 
services each-^ifi^ltor on a two week interval. This service 
includes a complete instrument standardization. 

The ORSANCO system has provided a model for robot monitor 
ing of a river basin. The monitoring is costly, but less on 
a per item basis than usual field and laboratory methods* 
Good servicing and maintenance h^s kept the system in opera- 
tion. Some robot moniW>ring systems have failed because of 
poor equipment and maintenance. 

# *' 

THfe robot system will not maintain -itself . 

A second surveii^jLance network is the Ohio Department of 
Natural Resources (ODNR) Monitoring System. Tjils system in- 
volves many streams throughout tHe State of Ohio. Some of 
the main monitoring stations are: 

1. Blanchard River at Findlay. 

2. Auglaize River at Fort Jennings. ^ 
'3. Auglaize River at Defiar\ce. 

4. Tymochtee" Creek at Crawford. 

5. Sardusky River 'at Fremont. 

6. Auglaize River at Spencerville»f 

7. Blanchard River at the Findlay Reservoir ^ Intake. 

8. Tymochtee Creek at Marseilles. 

9. .Sandy Run River near Lake Hope. 

10. Scioto River below Shadeville. 

11. Cuyahoga River at 3rd Street in Cleveland. 

12. Mahoning River below Lowellville at State line. 

13. Tuscarawas River below Navarre. 

These stations are tied to telegraph grade phone lines 
to the Ohio* Department of Natural Resources. Stream Monitor 
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Control Center in Columbus, Ohio. 

K I 

•Every hout the Center interrogates each station with res- 
pect to five parameters: river stage (depth of flow), specific 
conductance, dissolved oxygen, temperature and pH. Xhe data 
is punched on tape and printed on a teletype. Processing can 

be accomplished manually or by computer programming. 

r — 

Data evaluation consists of comparison to Stream Stan- 
dard^. The Ohio Water Pollution Control Board has adopted 
two Standards for Ohio streams. These are "Aquatic Life 
'A'*' and "Aquatic Life 'B'". Each of these Standards sets . 
limits on Dissolved Oxygen, pH and Temperature. 

Stream standards are constantly being revised. 
CReck present state standards for current ^ 
, ^ Criteria and permissible values. 

The stations were selected for specific reasons or 
objectives. The Blanchard River' site (1) at Findlay measures 
the effect ©f several waste discharges including Findlay's 
sewage effluent. Station 2 on the Auglaize River at Fort. 
Jennings measures the river quality before it is joined by 
the Blanchard River and the Ottawa Riv^r. Station 3 measures 
the quality of the Auglaize River after it is joined. 

* All the stations are specific to objectives of monitoring 
either the natural river (base line data) or the river after 
waste discharges have been introduced (pollution).* 

Several^iolations have been monitored. A substantial 
drop in dissd|.ved oxygen signaled 4 pollution increase. 
Wildlife Division pt^sonnjel established the cause. 

The pollutdr was fined and required to correct the 
situation* Another violation was caused by a leak in an in- 
dustrial primary treat^ment lagoon. Monitoring established a 
decrease in dissolved oxygen content. Further tasting es- 
tablished the problem and the industry modified its waste 
stream to eliminate the leak. 

Future requirements will acc»3lerate the use of robot 
monitors with telecommunication systems. More parameters 
will be measured, and some sophisticated analyses will be 
performed* The key is good maintenance. 

Data is only as good as its monitor. 
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Problems: 



1. Check with the State Office of Environmental Quality 
and locate a nearby robot monitor. 

2. Visit the robot monitor (with a professional ' 
technician) and report on the following: 

a. What is the physical location of the monitor. 
Include structure dimensions, power, lights, ' 
heat. rive,r location (variations in height), 
monitor lines, pumps, flow through rates and 

so forth. 

b. What parameters are measured? « 

c. What. technique is used for each parameter? 

d. fiow often is a measurement made? 

e. What recording device is used? (Make a copy 
of a recording) . . , ; , 

f* Are the data teleme^ered to a central lojation? 

g. What maintenance and' standardization work is 
required? 
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V 11 . 

AVAILABLE WATER DATA 



To accurately and consistently predict o\ir water environ- 
ment the ultimate goal, as discus^fid previously* should be to 
measure everything — everywher^f^- always. Again, let us 
. state that it is not feasible. • Our funds and resources are 
limited and the monitoring programs noV in existence are 
« limited. However, extensive and accurate data does exist and 

\ can b^ of great help in water quality and pollution control 
work. To understand the background or history of a study or 
^ problem area is of grfeat importance. 

AGENCY Several federal and many state and local agencies reg- 

OBJECTIVES ularly obtaiiv and record water quality data. The scope or * 

objective of the individual agencies should be examined before 
the data is incorporated in any study. The agency objective 
may affect the type of results obtained on water quality. 
The agency may b^ looking for composite or average values or 
for maximum or miniipum values. Examples o£ average values 
would be data on a raw water for a city drinking water.* 
• Maximum or uinimum values would be used \o determine viola*- 
tipns of standards such as water quality standard. Frequency 
of testing will again* depend on the agency and its monitoring 
objectives. Testing frequency will also depend on the situa- 
tion being monitored. For instance, testing on a raw water 
source for a public drinking water wiH be more frequent than 
a zone in a stream designated for maintenance bf rough fish 
and boating. If either situation is subjected to the 
possibility of pollution from waste discharges, the frequency 
of testing may well have to be increased. 

WHAT The monitoring objectives will also determine the para- 

PARAMETERS meters which are tested. Som^ agencies may be only concerned 
with salinity, cediment load or temperature. Stream quality 
measurements will be dictated by the state water quality 
standards , and the number and- type of waste discharges into the 
stream. Table 11-1 shows the frequency' of different parameters 
as they are used in state water quality parameters. 

LONG-TERM Monitoring may be of two types. Lon^-term studies have • 

VS. ' permanent stations lodated at strategic points. Information 

SHORT-TERM produced in this type of * study provides the user with general 
STUDIES trends or changes in the water quality. Short-term studies • 

are based on a shorter time frame and are used in collecting 
data on a siolaller area. Short-term, studies are usually more 
detailed and can be used to fill in information where the 
long-term study indicates a problem. Short-term studies are 
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TABLE 11-1 
HOW f REQUENTLY PARAMETERS ARE USED IN 
WATER QUALITY CRITERIA OF STATE STANDARDS 



Uniform Frequent Less Frequent 


Least Frequent 


(100%) (99-50%) 


(A9-20%) 


(19-02) 


> 

ulssoivea Kdaio*^ 


Arsenic 


Bottom Deposits 


uxygen accivicy 








Barium 


Chromium 


pn raraoiecers iiscea 


Cadmium 


(trivalerit) 


in : rUDi ic Heaicn 




Electrical 


i^uixxoLiQ oervice uriuKing 




Conductance 


water bcanaaras 








Chromium. 


Ammonia 


iocol uiosoivea 
rioauxng aoiias 'ooiias 


(hexa- . Acidity 
valent) r Alkalinity 


(Oi 1 ^GrMR^\ 


Fluoride 
Lead 






Selenium 


Carbon Chloro- 


Solids 


Silver 


form Extract 




Suspended * 


-Hydrogen Sulfide 


Turbidity , 


-Solids 


Pesticides 


and/or Color- 


Chloride 


Sodium 




Copper 


Iron 


Taste-Odor 


Nitrate 


Plankton 




Plienols 


Foaming 


Toxic Sub- 


Phosphate ' 


Substances 


stances 


Sulfate 


Boron 




Cyanide 


Manganese 




Median 


Hardness 




Tolerance 


Biochemical 




Limit 


Oxyg^ Demand 
Methylene Blue 
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often done on request when problems are indicated. 

, When reviewing and using data not obtained by yourself it 
is always important to know the validity and reliability of the 
results. Standard methods in sampling and laboratory pro- 
cedures are very important \if one is to rely on the results 
of others. Water data shouia^e viewed both in this light and 
the reasons or objectives the data was collected. 

/ 

QUALITY & A question may be raised at this point. Are flowrate and 

QUANTITY volume (storage) important parameters to obtain in water 
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quality studies? The answer Is a most definite yes. Quantity 
and quality are both factors .which xmist be considered. 
Seasonal variations In flow may greatly affect the quality 
parameters. Volume and concentration are always related, 
Dpvnstream Influence may depend not only on quality but on 
quantity as well. The need for tying quality with quantity 
Is quite Important. 

Now that we have seen that many^ factors should be con-- 
sldered before interpreting data, we should take one step back 
to see what data Is available and wher^ to find It. In the 
remainder of this chapter the following sources of water data 
will be discussed^ 

1. United* States Geological Survey, 

2. United Staces Environmental Protection Agency, and 

3. Other federal, state and local agehcles. 

The United States Geological Survey (USGS) which Is 
tmder the U. S. Departmettt of the Interior Is one of the 
major sources of water data In the United States. The 
USGS has been gauging streamflow lix the United States 
since 1894 and has been keeping records o'£ water quality <^ 
since 1941. Data collected make up Input to the National 
Water Data System and the National Stream Quality 
Accounting Network. 



USGS PUBLICATIONS 



WATER YEAR 



OBJECTIVES 
(USGS) 



Data have been published yearly on a state-by-state 
basis 4n tvo publications. Part 1. Surface Water 
Records deals with streamflow and Part 2. Water Quality 
Records is a compilation of water quality parameters. 
Both the Surface Water Records and Water Quality Records 
are b^sed on the w ater year which runs from October 1 
to September 30 of the next year. For example, water 
year 1972 ran from OctoberSLll97l to September 30, 1972. 
Both parts may be obtained by c\^ntactlng the District 
Chief, Water Resources^ Division, U. S. Geological Survey 
from the state In question. The Water Surface Records 
and Water Quality Records are later compiled Into a 
Water Supply Paper (WSP). The USGS arranges the WSP on 
a basin system. All Information from, each basin (see 
Figure 6-9) is complied Into the WSP. The Water Supply 
Papers can be obtained from the Government Printing 
Office In Washington, D. C. Publications on methods of 
streamflow measurements and sampling and techniques of 
chemical and other quality parameters are also available. 

• \ 

The data collected and presented by the USGS Is 
prlioarlly for providing general on baseline data which 
can be used to depict general trends In water quality. 
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This fulfills the needs of the long-term network or 
general watchdog. [The Survey for the most part is not 
problem-oriented. Parameters in .which they are mainly 
interested are temperature, specific conductance, sedi- 
ment, a salinity analysis and some speQ;if ic ions^. Other 
parameters such as radiochemicals, pesticides, minor 
elements and biological parameters are also monitored at 
some locations. 

A major part of the USGS monitoring system is dotie - 
on a cooperative basis with* state and federal agencies* 
Here the agency requests information be^collected on a 
certain stream and provides funds to the USGS for this 
monitoring service. .These cooperative studies may be on 
a long-term or short-term basis. The parameters and 
testing frequency depends, of course, on what the request- 
ing agency .needs from this location. Monitoring stations 
established on request from other agencies may provide 
more detailed information than network stations. It is 
Important «> ^remember tljat every station will provide 
the same t^e of data. 

The USGS maintains a special network of stations 
across the United States in remote, undfiveloped areas. 
They are desi^ated hydrologic bench-mark station s and 
are selected because they are free from impact by man. 
The results are used to see what effects nature itself 
has on hydrologic data. The data may also be used in 
separating natural and manmade effects in basins with 
similar ch^rcteristics which have been developed. 

Examples of water data available from the USGS are 
shown in Figure 11-1 and Figure 11-2. Figure 11-1 Is 
from the Surface Water Record and shows the streamf low 
data for the station and Figure 11-2 is from the Water 
Quality Records and presents the water quality data 
collected for the year. Note the dates of the water year 
which are quite different from the calendar year. Most 
results are listed in units of milligrams/liter (MG/L) 
or micrograms/liter (UG/L), 

Location of the station is given by the station num- 
ber and by latitude and longitude. In addition, a written 
description of the location is given. Stations are listed 
in the records in a downstream order by starting with the 
upstream stations and working progressively downstream. 
Stations on tributaries are listed in the order the tri- 
butaries enter the mainstream. Both the Surface Water., 
Records and the Water Quality Records are divided into 
river basins for ease of correlating data for a particular 
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YELLOWSTONE RIVEI lAS^ 



06277500 f.REYIULL RIVER SEAR 8ASIN. '.^0 



"^Il^jrlt' l^^'"'!®"' ^" ME'WWHSwHmc'" T 51 N . H 9* V,.. Big Horn Count., on r.,hc b-n. 

ll.tr ° * ^^'^^ ^'^ ^fo- D<^"*^^ creek. «nd 3 aluAest 

OiAXHACC AMA.— 1.115 sq »1 

miOO or rtCO«D.— April 1930 to evrr^ttt y«*r. Monthly dlicharge -^1 for tose p»rlo.ii. published i» U<;P no<> 
GACE.<-Uacar-«t«i|« r«cord«r. Altltudt of tUt U 4.000 ft tfroa copo|r«phlc nap) Prior to Sept ^0 W«i 

iMNir«corilnc «at« at •lt«, 250 ft <loim«tr«M at datvm 2 92 ft hl|htr. Oct. 1. 19)0. to Sept :o 1^3, nc^n- 
rtcortlni i«t« .Dd Uvi 21. 1934. Jo Apr. 14. 1936. watVr-ttat* rtcor^tr. «t site 250 ft dovn-itrem u 
d4ti« 1.92 ft higher* Apr. 15. 1936. to Au% 13, '1951. sc tlte 100 ft downttrt^. at present d.tun 
Aug. 14. 195X. to June 17. 1970. at tltt 300 ft downetreu nt present d«tu» 
AV»«AG« OXSCHAICE.->42 yMre. 181 cfe (131. ICO .cre-ft per ye«.;\ 

DCTftDCS.-^Currant yMr: Kaxlawi dlech«r|«.> 2.550 c*% June 9 (|«tt height.^ 5 79 ft). »Axlmm get* heln'ht. 
detemlned. r«b. 28 (backwater fYo« Ice); alnlBim dally discharge, 13 cfe Kav 4.> 5 

°^ record- KaxiM dlacharga. 19;400 zft June 16. 1963 (Rett halgjtt.^ 8.83 ft). fro« rating cur.e 
extended above 2.200 cfe on baala of coatractcd-openlng Maauresent of peak flow; ttb flow at tlaes In 1931-' 
34. 1936^ 1939. t ^ ' 

UMAWCS.— lecorda ra I r except cboM for winter period, which are poor. Slight regulation by Sunshine K«servolr 
beginning Kay 1940 (capacity. 53.000 acce-ft). Dlveralona above ^tatl»a for Irrigation of about 63.300 
acrea. of which about 2.600 acre* Ilea below atatlon. Water-quality ecorda for the current year are pub- 
llah«d In Part 2 of thla report., » 
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STORET 



stream. Besides stream data tbe USGS also publishes a 

large amount of water, data from wells and groundwater sources* 

The United States Environmental Protection Agency 
(EPA) Is the second major source of water quality data 
that should be examined In detail. The EPA Is the primary 
agency for collecting data on water quality and pollution 
control. The various state environmental agencies have 
been given some responsibilities but any program. initiated 
by the states is subject to EPA review. ^ \ 

The Environmental Protection Agency is involved with 
many kind's of monitoring. Monitoring of streant quaJLlty is 
one major area, EPA delegates much of this responsibility 
to the states but covers areas where the states or other 
federal ajgencius have not taken ch^ge and need is felt 
for monitoring. Much of the EPA run monitoring system 
is based on surveillance of discharges which are under 
permits to dischai^e. Many of their stream quality 
stations are downstream from discharges. Monitoring of 
discharges is dose by EPA as well as local and state J 
agenciei). The proceeding studies are mainly of a long- 
term variety. Maintainjn«! surveillance on water quality 
vs. water , quality standards and treatment p1:;ac effluent 
quality vs.. effluent iitnitar.io'*is are major job of FPA, 
In some cases short-term studies are also run by EPA* 
These short-term studies are usually done on request or 

because a problem situation must be studi'jd and resolved, 
* 

The Environmental Protection Agency maintains a large 
computer stored data file called STORET , The term STORET 
stands for STOrage RETrleval of water quality, municipal 
and industrial waste facility inventory, water quality 
standards conq>liance, fish kill, oil spill, construction 
cost," and other related data. This comprehen?=ive manage- 
ment system increases the availability of data collected 
by EPA and other agencies. Many different agencies con- 
tribute data to STORET. The variety of sources for 
STORET is extensive as seen in Table 11-2, As can be seen 
the list includes federal agencies, state agencies and 
some municipal water and wastewater treatment facilities. 
Input to STORET from these many sources provides a variety 
of information (the number of parameters is upwards of 
1600). The STORET system has several capabilities of out- 
put data. Retrieval of raw data is possible. Several 
r>utputs providing statistical analysis of data are also 
possible. Furthermore, STORET is capable of comparison 
of water quality to federal or state standards and digital 
plotting of charts and graphs. Because of this versa- 
tility STORET is quite useful for studies requiring 
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TABLE 11-2 
TYPICAL INPUT SOURCES FOR STOREi 
(REGION VIII) 
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STATE 


7 »^ «■ n A C A * 4 A M 11 f> /I A n 

ror6SL oervice ugut;n 


Utah 


Air Force Academy 




bouiaer Mikity t-ounty neai Ln uepu • 


Colo. 


EPA vbnort term stuaies; 


INCl^'^^^l V X J. J. 


trA ^ U€*nvsr rieiQ invesLig. 


USA 


Crystal uaro vuodk; 


Colo. 


Link- 1 emp let on— Ai sup - J oroan t\ • 


U Let 11 


jt> brant 




non.,ana oLaLe 


Montana 




Region VIII 


our^^du sport r isneries 


So. Dak. 


North Dakota neaitn uept. 




KJrA uata * 


Recion VIII 


Bureau of Reclamation - Pueblo 




Colo. River Basin EPA 


folo TIfah Wvo 


Denver County Health Dept. 


LiOlO . 


r oresjt bervice nissouia 


Montana 


Black Hills " jL Qrant 


Dak Wvo 


South Dakota Health Dept. 


9ri Hair 


Utah Health Dept. 


utan 


Loio. btate Heaitn uept. 


Colo. 


EPA - Seattle 




EPA - Snake Riyver 


Mnn f ana Wvo ^ 


EPA - South Platte River 


\jU1.\j . 


Lorps or engineers I unidna, iMeo. 


Mont* - 'No. Dak. 


So. Dak. 


Forest bervice - oiacK ttiii s 


So Dak. 


EPA - beattie 


Mont" art a 


EPA - Kansas City 


Monf fin Dak. . 




Dak 


Bureau Sports Fish a Wlidiite 


Co Hak 


naniLOoa t>anaaa 




Wyoming State 


Wvomlnc 


Bureau of Mines 


Region- VIII 


Dureau^i or bpoi. t r isnenes 


Rcffion VIII 


(National Program) 








Denver Metro Sewer District 


Colo. 


Denver Board of Water Commissioners 


Colo. 


City of Grand Forks 


No Dak 


City of Pueblo 


Cdlo. 


Bureau of Sport Fisheries 


Region VIII 


Kansas City 




Colorado Game, Fish & Parks 


Colo. 


Rocky Mountain Arsenal 


Colo. 


Forest Service-Custer' 


Region VIII 
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water quality • Data is continuously being updated and 
revised as new data Is stored. STORET offers a more 
complete Inventory of water data than any other single 
source In the United Sates. 



WATER QUALITY 
INVENTORY 



OTHER DATA 
SOURCES 

1. State 



To obtain such data, the Regional office of EPA must 
be contacted. In particular, the Surveillance and 
Analysis Division or Surveillance Branch may Jbe of the 
most help. Data at this time Is offered to anyone or 
any agency that requests the Information. The first 
request when starting a study would probably be for a 
water quality Inventory of a basin. This printout will 
Include all stations In the area and give mean (average) 
values and other statistical data on parameters monitored 
at each station. An example Is shown In Figure 11-3. 
Here one station out of a water quality Inventory Is pre- 
sented. It is the same station as shown in example data 
from the USGS, however, mean values for the given time 
period have been displayed. 

On the printout, the station information is given ' 
first. The primary station ^number, latitude anJ. longi- 
tude, station name, state code, agency code and type of 
station code are presented. On the listing Included are 
parameter number, name, type of units, number of tests, 
the mean value of the data, statistical analysis of the 
data (variance, standard deviation, coefficient of 
variance, standard error, ma^mum value, and minimum 
value), the beginning date of the study and the ending 
date of the study. From the vrater quality Inventory 
stations may be located anA/xt may be determined that 
original data is needed. Printouts of this nature 
can also be obtained upon request. This may take the 
form of all parameters for a station or a partial listing 
as desired by the user. 

We have seen that USGS and (EPA) STORET are the two major 
single souces of available water data. There are many other 
sources of water data. Many state pollution control agencies 
have monitoring and surveillance programs to gather data on 
water quality. The extent of these state programs run from 
minimal to complete systems. Much of the information goes 
into' STORET.' Other state agencies such as state engineer's 
office and game and fish, agriculture and geological agencies 
may also collect water data. State agencies may very well be 
an important source in the future when states begin to imple- 
ment their own permit and monitoring system over waste dis- 
charges. In any water quality study state agencies should be 
consulted for available water data. * 
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Local and county agencies also collect water data. Many 
municipal water plants monitor surface water supplies regular- 
ly and have extensive available data* Wastewater treatment 
plants also do monitoring of discharges and stream conditions. 
Also, colleges and universities frequently obtain water data 
which is available to the researche^r. 

Other federal agencies are also Involved in monitoring 
of our nation's waters. Among these are the Bureau of Recla- 
mation, Corps of Engineers, Forest Service, Bureau of Land 
Management and the Soil Conservation Service. Each agency 
has its own objectives in the water data they collect and 
these objectives effect the type of data collected. Special 
studies run by each agency account for much of the data,* 
Again, most pf this data goes into STO^ET but these agencies 
should be contacted to be sure that all data ^n the area of 
interest .can be obtained. 
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PART III 
THE AIR ENVIRONMENT 



Problems: 

1/ Contact the Regional Office of the Environmental 
Protection Agency and ask for the quality data (from 
^ STO^ET) on a small section of a river basin (see - 
Problems Chapter 8). Specifically request statistical 
information on maximums, minimums and averages for 5 
parameters.- Ask for a graphic pdrtrayal of the infor- 
mation* ' 

2. Study the information received and determine the 
condition of the river at several points* Does it meet 
river standards? 

3. Compare this information with that derived from 
problems in Chapters 8, 9, and 10* 



12 / 

i 

METEOROLOGY 

Air has been described as one of the most important of 
three survival commodfties. When we consider air, water, and 
food as units of survival for civilization, we soon realize 
that we cannuc exist without these for minutes, days, or weeks 
respectively. 

Our air environment has been aptly described as an ' 
^'unheeded component," When the atmosphere contains only the* 
usual anji commonplace components, we do not focus attention on 
it - it is so familiar and unnoticed that we rarely think about 
it. The air we breath has an interesting relationship to our 
everyday lives. We do not\ enjoy an unlimited cHoice in 
selecting our air environment : This is true when we think 
of it in comparison with water and food. We usttaULy pay close 
attention to the water we drink and food \fe consume both in 
quantity and* in the taste or equality. We'may deny ourselves 
water or food for a limited' period of time, bufc we cannot re- 
frain from breathing except for a very few minutes. Upon 
exertion, man's metabolism requires increased volumes of air 
for survival - so man cannot limit suchjfuse if^he is to 
survive, be productive and leaa a useful life. 

Problems associated with air pollution cannot exist unless 
there is a receptor that responds unfavorably to the pollutant. 
The receptor may be a human being, a plant (vegetation), an 
animal, or material of some kind^ Air pollution effects may 
be classified as: * ' 

a. ph/siolf^sical 

bj -material 

c. visibility reduction 

d. agriculture 

e. psychological * • * ' 

Fo^ a receptor to respond to a pollutant, the substance 
must be transported from a source to the receptor. The only 
medium of transportation is the atmosphere and the atmosphere 
has characteristics which effect the time, concentration and 
manner by which the unwanted material reaches the receptor. 

Without an atmosphere, no air pollution could exist. The 
exchange or transport of pollutants moves gaseous and particulate 
matter from sourca to receptor. In some cases, the atmosphere 
serves as^a decay reservoir where pollutants decay into other 
compounds or react to form other components. 
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After the initial effects are exerted on man, vegetation 
or materials, there are more indirect effects such as murky 
, skies, dirty buildings, offensive smells - the aesthetic 
evidence which limits enjoyment of our environment. 

I Many laws include these considerations in defining air 

pollution. The source characteristics are in5)ortant to fully 
understand and predict the behavior of the emitted materials. 
The amount and nature of pollutants are primary considerations. 
If the released quantities and types of materials are known, 
it becomes easier to plot a detection strategy to measure 
effects on receptors. Sampling can be done at the source in 
some instances, and this ^ecomes a valuable tool for working 
toward control. 

Dispersion Atmospheric dispersion is a powerful ally to dilute and 

remove pollution, but it introduces difficulties when we cannot 
accurately measure and relate the materials to the source. The 
mixing of emissions from several stacks or sources introduces 
uncertainties and confusion for researchers who must identify 
the measurements with the original point of release. Ambient 
atmospheric n^asurements are required to make comparisons with 
receptor effects. When unidentified and unexplained effects 
on a receptor (human beings, vegetations or materials) occur, 
the pollutant material and extent or level must be known at a 
point where the effect is noted. Little would be gained if the 
point source concentration only were known. The intervening 
air space with all its variablds would not give enough informa- 
tion to really determine which pollutant is present and at 
what concentration the effects were noted. , The ^bient atmos- 
phere between the source and recejStor can be measured and, if 
meteorological data are collected at proper times, the 
relationships between source and receptor will begin to 
appear. 



2. Meteorological a. Primary Meteorological Factory . The spread of con- 

tactors taminants in the atmosphere is dependent on: speed and 

f direction of air movements (wind), characteristics of 

air turbulence which disperses airborne material, under- 
lying surface characteristics (terrain features) and, 
vertical air temperature throughout the lower la/ers of 
^ the atmosphere* 

Wind Direction l. wind Direction . Air movement, generally hori- 

zontal and parallel with the earth's surface is known'' 
as wind. Wind direction's described as the direction 
from which the movement occurs. Thus, a north wind 
identifies air in motion coming from the north or 
iiK)ving from the north toward the south. 
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Wind Speed 



2* wind Speed * Air in motion, near the earth's surface 
is retarded by friction effects which vary with surface 
roughness. These friction effects diminish with height 
and the more significant influences are within a zone 
.known as the "planetary boundary layer" extending one- 
half mile to one mile above the surface* ^ 



Standard Height 



Slippage 



Diurnal 
Variation 



Seasonal 
Variations 



The usual increase in wind speeds with height has 
made it necessary to designate what is known as a 
standard height for surface wind measurements. This 
height is ten meters above the earth's surface. 

Most recorded and reported wind data from official 
agencies can be assumed to Jiave been measured at thib 
vertical levei unless otherwise identified (Figure 12-1) < 

Moving'^/air layers are influenced by adjacent 
layers and the degree of slippage or "coupling" 
between them. When vertical movements are negligible, 
the coupling is reduced and marked increases of speed 
between horizontal layers occur. 

/ 

Daily changes in wind speeds are known as diurnal 
variations, and are most noted in the lower few hundred 
feet of atmosphere* Maximum diurnal speeds are 
exhibited in the early afternoon due to instability 
and higher vertical diffusion, and minimum speeds 
occur in the early morning hours. 

In the next higher layers (above 200 to 300 feet), 
a change takes place where the minimum speeds occur 
near midday and are maximum during the night due to 
le^ coupling during stability and minimal vertical 
diffusion. 

Wind speed averages are usually higher ir winter 
than in Summer and' there is an observed tendency for 
maximum wind speeds in the spring months. 

Strong winds are only slightly divert^^by sur- 
face or topographical influences. Light to moderate 
winds (under about 13 miles per hour) are affected ' 
appreciably by local temperatures, pressure distortioas 
and surface friction from terrain features. 



Wind 

Turbulence 



3* Wind Turbulence . Irregular wind motions (with 
respect to direction) are known as turbulence. This 
)irregular motion is important to air pollution study 
since it is a p rimary diffusion factor for airborne 
materials. 
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^^chanical 
Turbulervce 



Thermal 
Turbulence 



Mechanical turbulence is the result of air move- 
ment over irregular surfaces producing surface friction. 
Increased wind speed or surface friction produces 
greater mechanical turbulence. This explains the 
reduction of stagnant or unstable air conditions with 
high winds. The syrface friction influences decrease 
with height, so mechanical turbulence effects are 
decreased in value in the upper atmospheric layers. 

Thermal turbulence is produced by convection or 
vertical air movements produced by temperature 
differentials. Warm, rising air, ac^iompanied by 
wind fluctuations produce mixing eddies. Uneven 
surface heating increases thermal turbulence, and 
variations in solar heating will vary the intensity 
with time of day, altitude, fog, or other atmocpheric 
filtering effects. This turbulence is at a maximum 
in early afternoon on clear, sunny days and is 
minimal on clear winter days in the early morning. 
These maximum or minimum effects are best noted 
^during periods of light winds or calm. 

Horizontal turbulence fifym vind and surface 
irregularities exceeds vertical turbulence components 
over long time periods and large areas* In small 
areas influenced by local conditions, either effect 
may be noticeable. Generally, periods of vertical - 
effects lengthen with increasing height above ground 
surfaces* 



Secondary 
Turbidity 



b. Secondary Mefeorological Factors * 

* 

1. Turbidit y* This- factor is sometimes known as 
meteorological visibility or the distance ar" which 
objects of certain dimensions and color can be 
regognizedi This visibility characteristic refers 
to attfiospheric conditions which reduce its trans- 
parency. S'ome indication of particulate pollution 
• is possible, but there are luany problems associated 
with the direct use of visibility as a precise or 
quantitative measurement. 

Optical equipment has been devised to accurately 
measure the degree of turbidity or amount of attenua- 
tion from 'such atmospheres, but the relationship of 
such measurements to actual amounts, nature and 
kinds of airborne particulates is difficult, if not 
impossible to measure. 
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2. Humidity. Airborne nKDistu?e is almost universally 
excluded ^as an air pollutant in most definitions • The 
amount of water contained in the air as droplets, 
steam or water vapor does not usually exert adverse 
effects by itself/ It is an extremely important 
component, however, due to it^ relationship in air 
reactions. Many of the damage effects^ of air pol- 
lutants are dependent on moisture as a part of 
interactions with other airborne materials or pol- 
lution receptors. For example, the degree or speed 

of corrosion from sulfur-bearing gases is closely 
relafed to relative humidity, 

A stack plume containing warm water vapor dis- 
charged into an atmosphere with a high relative 
humidity is much more persistent and visible than 
when if is released into a low humidity atmosphere* 
The released vapors condense and combine with the 
atmospheric moisture and become highly visible in 
the first instance and they evaporate and dissipate 
rapidly in the second case. 

3. Precipitation . Rainfall or snow are the most 
important natural air cleansing mechanisms. Water 
soluble contaminant gases and particulates greater 
than one micron in size are washed out of the 
atmosphere by. rainfall and are diluted or deposited 
on receptor surfaces. Small particles may be ac- 
cumulated in raindrops or mist and are removed by 
rainout rather than washout. 

^-^liile particulate settling influences mat^ ^ial 
that is located in the lower atmospheric layers, 
precipitation scavenges the air space to the extreme 
height from which it falls. 

Two interactions of particulates and moisture 
are effective in precipitation scavenging of atmos- 
pheres. The direction actions depend on interception, 
inertia, electrostatic attraction and collisions from 
random particulate mov^B^nts. The indirect mechanism 
is that of incorpfMF*tlon of fine particles in cloud 
droplets. Scavenging becomes relatively unimportant 
fot part;iculate sizes under two microns when total 
removal amounts are considered. 

^" Solar Radiation * Solar radiation can be an 
Important influence in the creation or solution of 
air pollution problems. Ultra-violet light is a 
controlling factor in the production of photochemical 
smog from reactive contaminants. t 
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World-wide weather measurements have Included 
solar radiation for many years, and the use of such 
information for investigating photochemical air pol- 
lution is extremely useful. 

Reductions of ground-level absorption of solar 
radiation from polluted air layers is a growing 
concern in seeking long-term, world-wide climatology 
relationships. 

The normal earth surface warming, convection, 
and vertical turbulence is largely dependent on 
diurnal solar influences. Without such radiation 
effects, stagnation and emergency air pollution 
episode conditions would be more prevalent. 



Meteorological 
Measurements 



Wind-Speed- 
Surface 




MICROVANE a 
3 CUP ANEMOMETER 



a. Surface Wind Speed . Air movement or wind speed and 
direction are measured by relatively simple instrumentation. 

Long- term and short-term recording devices are in 
common use by most air quality control agencies 
or investigators. Weather bureau data include 
such measurements which are^usually available 
in towns and cities of the United States. Wind 
vanes and rotating-cup anemometers are fairly 
simple, rugged, and can be readily adapted to 
recorders for securing continuous readings over 
extended time periods. 

Errors Where surface terrain features are not 
consistent from established weather stations to 
saicpling areas, significant errors can result in 
u^lag such data. Portable units, located in the 
actual sampling area are warranted in most cases 
\'her«2 :iuch features of terrain and wind influence 
are foand. ^ 



Tran^iport Patterns Wind direction and speed 
are Haw^ir itetns which are necessary to give a 
means -^t predictinj*; and measuring transport 
patterns of pollutants from source to receptor. 



Mechanical inst^UTOntS Mechanical instruments 
are desiKn^^d to translate motion of a propeller 
or windmill vn.^sel tc w;nd speed. Some devices 
drive small generators, which produce current proportional 
to velocity of the dttving wind, and others operate similar 
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speedometer with a permanent 
t b magnet fixed to an axis. . 

f Induced current from the 
rotation of vanes is then , 
measured and related to with 
speed. Direction vanes are 
8iiiq>le aad readily adaptable 
to record changes even in very 
low intensity winds. Some 
recorders have delay modules 
to prevent confusidn from 
horizontal turbulence or eddy influences which last only 
a few seconds or minutes and do not represent a significant 
directional change. 

Wind Speeds - b. Wind Speeds- Aloft . .Wind direction and velocity aloft 

^^Oft can be accurately measured by using ordinary balloons 

inflated with hydrogen or helium. These are observed with 
an optical instrument known as a. theodolite which affords 
a means of measuring direction drifts at different heights. 
Triangulation computations then will reveal wind direction 
and speeds at the observed heights. * 

In highly polluted atmospheres, this technique has 
limited value due to poor visibility and loss of the 
balloons from view within short periods of time from 
their release. 

Tetroon Balloons Tetroon balloons are constructed in che shape of a 

tetrahedron and weighted to give a zero rise condition at 
a selected height. These are released and allowed to drift 
in a horizontal fashion to treasure direction and velocity 
at pre-determlned atmospheric levels. These balloons can 
be accurately tracked over considerable time periods and 
may be operated at low enough levels to remain visible in 
relatively polluted atmospheres. They are especially 
useful in determining air flows where surface obstructions 
complicate simple flow patterns. While the balloon- 
theodolite system may not have such special advantages, 
it continues to be widely used due to cost and operational 
factors. Long sweeps of tetroon balloons require 
electronic tracking such as radar and transponders 
attached to the balloon in order to secure responses 
over extended paths of flight. 

Turbulence c. Turbulence . Instruments for measuring turbule-ce must 

be extremely sensitive with rapid response and low inertia 
characteristics. Sensitive vanes and special anemometers 
are designed to measure horizontal turbulence with little 

4 
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or no overshooting and lags becween the rapid fluctuations 
of air movemencs. 

A bi-directional wind vare known as 
as " bi-vane" is used to measure verticcil 
fluctuations of wind direction. One such 
device utilizes synchro receivers coupled 
to synchro generators which rotate on 
horizontal and vertical shafts to chart 
record separate traces of azimuth and 
elevation angles of fluctuating winds*. 
Others have potentiometers which respond 
to minute deflections of vertical and 
horizontal pressures by gearing to a 
recording circuit. Some recorders use 
counting principles to indicate turbulence 
events for air pollution studies. 

Turbidity-Visibility 

d. Turbidity and Visibility Measurements . 
Visibility indexes are often measured by 
establishing a series of prominent objects 
at varying known distances from an observa- 
tion point. The National Air Sampling 
Network of the Federal government used a 
letter designation for this purpose for 
several years at their stations in the 
United States. 

Where objects at suitable distances are not present, 
an estimate of visibility can be made by observing the 
outline and clarity of nearer objects. Haze, smoke, and 
particulate pollutants give blurred and indistinct visible 
outlines, and details which may be related to an index of 
visibility. 

Turbidity has been measured by many types of instru- 
ments which depend on light transmission. The usual 
methods use a source of intense and carefully-focused 
light which is directed toward a receiver (usuall^a 
photocell) which records the intensity of the transmlj4;ted 
beam. The transmission distance and beam intensity can > 
be tailored to give the desired sensitivity and capabili 
Long paths are applicable to relatively clean atmospheres 
ind slight variations of transiiiittance (and turbidity) can 
be detected. These instruments have an advantage of being 
able to document absence or presence of particulate con- 
taminants over long continuous periods along specified 
paths. When the path is chosen between sources of 
^/articulate pollution and sensitive areas such as 
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Humidity 



Hygrometers 



Sling 

Psychrometer 



Hair 



Itifrared 



residential districts, expected citizen response and com- 
parisons with other sampling methods can be detentilned. 

e/ Humidity Measurements » There are various means of 
expressing adnw^spheric moisture but the most frequently 
used in air pollution work is relative humidity. Wet 
and dry bulb temperatures may be measured and compared 
to psychrometric charts. Hygrometers consist of two 
identical thermometers, one of whxch has a cloth covering 
over the sensing bulb. When this covering is kept 
saturated with water, a temperature differential is 
noted which can be compared to chart values for a humidity 
reading. Air movement is supplied by a fan to evaporate 
moisture from the cloth to give steady 
state, accurate readings. A sling 
psychrometer incorporates the two 
thermometers on a handle to allow it 
to be whirled at a rate to give proper 
cooling of the wet bulb. Hand aspirated 
psychrometer s are also available, which 
employ a rubber hand pump for ventilating 
the wet bulb. * 



Hair hygrometer instruments use human 
hairs as a sensor to register changes in 
ambient moisture. Human hair elongates 
when exposed to increased relative 
huMdity and shortens slightly as it 
decreases. This change is magnified and 
read on an indicating instrument or 
recorded by a pen tracing on a moving 
chart. These instruments will respond 
quite rapidly and are capable of 
recording about 90% of the humidity 
change within approximately three minutes 
after exposure at tenqperatures between 
zero and 30 degrees centigrade. The 
nse rate is much slower at lower temperatures. 




respc 



Very accurate humidity measurements can be made by 
using an infrared hygrometer. This is a complex and 
sophisticated instrument which gives the mass of water 
vapor per unit volume of air. The relative absorption of 
infrared radiation through the air over a specified 
distance compared to the known water vapor absorption 
band is measured by a photocell and amplifier system. 
No phase changfe or moisture absorption occurs with this 
instrument and it will respond accurately in. all 
temperatures without changes of sensitivity. If air 
pollutartg are present which have a spectrographic 
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PLASTIC RAJN GAUGE 



Weight Gages 



Float Gages 



Tipping 

Bucket 

Gages 



absorption band near the water reference banc^, erroneous 
readings may result. 

f. Precipitation Measurements . A simple rain gage may 
be utilized If certain basic principles are applied. A • 
funnel-shaped collector having a uniform cross section, 
located with Its top opening horizontal is often used. A 
vertical sided cylinder is often used as part of the 
top opening to prevent splash-out, and best results are 
obtained with steep funnel walls for the same purpose. 
The bottom outlet should be comparatively small, especially 
in dry areas, to prevent evaporation loss* The collector 
should have a small cross-sectiisnal area (often about 
one-tenth that of the funnel mouth) to give a magnifica- 
tion for measuring depth of the collected water. Most 
gages have transparent, calibrated water vessels to allow 
direct readings. 

Weighing precipitation gages funnel the moisture into 
a bucket with a 12-inch rainfall capacity'. A ipechanical 
weighing mechanism converts the collected amount to Inches 
or millimeters and may activate a pan on a moving chart. 
Since freezing does not affect the weight, thl« device 
is^suitable for all climates, and due to its capacity, 
is*able to measure high precipitation levels before being 
serviced by emptying the collection bucket. Where 
freezing occurs, anti-freeze can be used to facilitate 
eas'e of emptying the vessel. 

Automatic siphoning or float rain gages sense the 
aiyuwt of water collected by means df a float which 
converts motion to a recorder chart pan. When the 
recorder registers the top, the collector is emptied 
by an automatic siphon which discharges ^ato a larger 
reservoir collector in the instrument base. This 
device is useful to give tlme-of-day information as 
well as total rainfall data. Freezing weather necessitates 
the use of heaters, which must be contrcjlled to prevent 
evaporation loss from excess heating. In extremely low 
temperatures, evaporative losses may be significant from 
such heaters and other instruments may be more accurate. 

A tipping bucket rain gage counts small individual 
amounts of precipitation.. The collection funnel trans- 
fers the water to a divided container with two coii5)art- 
ments which pivot on a horizontal axis. The compartment 
is positioned to tilt and empty its contents after 
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TIPPING iUCKET RAIN GAUGE 



Solar 

Radiation 

Measurement 



a measured amount la collected. 
Each event la recorded by number 
and frequency to measure the 
total and amount and rate of 
rainfall received. 

Radar Methods Recently ^ 
reflective radar methods have 
proven to be useful In measuring 
surface rainfall and hourly 
precipitation rates* Where 
precipitation Information is 
needed for washout studies » 
weather radar tec'^niques are 
being utilized with increasing 
frequency. 



8* Solar Radiation Measurement . Instruments which measure 
radiant energy from the sun are known as actinometers* 
These may be very simple, with small bimetallic strips 
or complex "solarimeters" with sensitive thermocouples 
in suitable exposure chambers. Other actinometers depend 
on chemical reactions with photo-sensitization character- 
istics which depend on and measure sunlight effects. 



Temperatur e 
and Wind 
Structures 



Stability 



Lapse Rates 



Atmospheric temperatures normally decline with increase 
in height. The rate of temperature change with altitude is 
known as the lapse rate or temperature lapse rate. A plot 
of air temperature at various heights is called a temperature- 
height curve or, simply, a temperature profile . Temperature 
profiles are very useful in air pollution studies as they 
indicate a meteorological quality known as air stability . 
Stability may be defined as a measure of assistance or 
resistance to vertical air motion. 

Atmospheric stability is a characteristic of a given layer 
or layers of air that partially control vertical motion 
throughout the layers. Vertical motion is resisted in stable 
layers and assisted in unstable layers. A temperature profile 
is a graphic representation indicating whether an atmospheric 
layer is stable or unstable. 

The lapse rate of a parcel of dry air as it moves upward 
in a stable air environment is known as the adiabatic lapse 
rate. The lapse rate for saturated air is smaller than for dry 
air, due to the release of latent heat from the contained 
xaoistuie as the rising air co.ols. 
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intensity as the ground cools during the night and a maximum 
is reached just before dawn. After sunrise, the ground again 
warms and the inversion is destroyed, again beginning at the 
warm ground surface and extending upward for the next few hours • 
This simplified cycle may be influenced or changed by strong 
winds, clouds or precipitation which may prevent formation of 
strong night inversions. Unequal heating from building 
surfaces, urban development, and terrain factors also tend 
to complicate the process. 

Negative and positive lapse rates sometimes occur at the 
same time at various vertical heights, with resulting areas 
of inversion and positive lapse conditions as shown in 
Figure 12-2* 



Wind Structur es 
and Stack 
PTumes 



Effluents 



Low Density 
Plumes 



Under neutral or unstable atmogpheric conditions, the 
pollution froat a single stack will exhibit highest ground 
level concentrations relatively near the stack. This usually 
is found within a downwind distance equal to approximately 20 
stack heights. If the pollution results from a single or 
several closely grouped stacks, the problem may be more 
serious with increased wind speeds. The opposite is true for 
the same amount of emissions from large numbers of stacks over 
a wide area and the dilution or dispersion will be iittproved 
from such sources with turbulence and increased wind speeds. 

Effluents from stacks may be composed of particulates, 
gases, or combinations of both. The kinds of pollutants con-^ 
tained in the -plume dictate the type of sampling and evaluation 
by the investfgator. For particulates, long-term deposits 
may be of primary interest, .and for gases (especially when 
toxic"^ ' ^hort-term exposures may be the governing factor. 
Partic ;i2e information is sonietimes important to predict 
or measure ground-level concentrations. When extremely small 
sizes are emitted, the studies and predictions are similar to 
those for gases, and if large particles predominate, areas 
close to points of release will be mo^ important due to rapid 
fallout of heavy large components, 

When an effluent is released from a stack or chimney, 
mixing with the surrounding atmosphere begins and dilution 
increases as it moves away from the stack. The first mixing 
is influenced by the motion, temperature, and velocity at 
the point of relea.^e. Later, atpiospheric parameters begin 
to influence the mixing process. 

Low density plumes reJ eased under conditions of little 
or no wind tend to rise to high elevations and areas near the 
* stack remain relatively un ffected. Large particle or heavy 
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Superadlabatic 



Stable Air 



Isothermal 



When temperature decreases more rapidly with altitude than 
the adlabatlc rate, 1^ is qaid to have a superadlabatic lapse 
rate. This ascending air becomes warmer and less dense than the 
surrounding air and accelerates upward from the Increased 
buoyancy • This reinforced vertical motion Is a mark of unstable 
equilibrium when compared to the "normal" or adlabatlc rate. 

If the lapse rate Is less than adlabatlc, or "negative," 
rising air parcels cooJ,, become more dense than the surrounding 
environment and may tend to sink or return to a starting point. 
This is stable equilibrium and vertical motions are decreased. 
Stability or instability are therefore referenced to a n«iutral 
equilibrium condition exhibited by an adlabatlc^ lapse rateT 

In Isothermal layers the lapse rate is zero. When 
temperature increases with height, the lapse rate is negative, 
and the resulting condition is clalled an inversion. 



Inversion 



Under relatively cloudless conditions In rural areas, a 
normal daily temperature lapse cycle may begin with an 
adlabatlc surface condition. That is, the temperature de- 
creases with height near ground surfaces. When solar heating 
of ground surfaces begins, the rate becomes superadlabatic 
and thermal turbulence occurs from rapidly rising air parcels. 
Just before sunset for an hour or two, the air near the ground 
cools rapidly, decreasing the lapse* rate aiid developing a 
surface inverJ.son. This layer InveVBlon grows in depth and 




TEMPERATURE 



Figure 12-2 
Inversions - Aloft and at Ground Surface 
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density gas piames will release these components near the 
stack under such conditions. The opposite effect is noted 
as winds increase^ light denbities may deflect more rapidly 
to ground surfaces and heavy materials will be transported 
further downwind. 



Plume Type 

Ttiteorologica 
Factors 




Diffusion 
Calculations 



Turbulence characteristics influence the physical form 
and distributioit of gas pltimes. Five types of plumes which. 

re classified with respect to their physical configurations 
are represented schematically in Figure 12-3. The various 
conditions of vertical stability are shown by the solid 
temperature-height line and dry adiabatic lapse rates are - 
depicted by the dashed line. 



Atmospheric d'*f fusion conputations have been devised by ' 
various investigators, F. Pasquill of the British Meteoro- 
.logical Office introduced a method and formula for computing 
dispersion from both elevated and ground level sources. His 
results were shown in terms of height and width of the air^ 
borne plume. A similar method was published by P*J. Meade at 
the Worl,d Meteofblogical Organization in Geneva in i960, and 
F.A. Gifford, Jr., transformed^asquill's height and width 
parameters to vertical and horizontal values using standard 
deviation concentration distribution techniques. 

An in-depth treatment of the diffusion equations are 
. not within the scope of this text, but it is important to 
consider the use of atmospheric effects, since these factors 
are the bases for such calculations. Wind speed, combined 
with horizontal and vertical dispersion, allow calculations of 
centerline concentrations at certain specified downwind dis^ 
tances. Stack heights and stability categories are also 
important factors in such calculations. 

Table 12-1 suimnariz^s Plume characteristics and related 
parameters illustrated in Figure 12-3* . 
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Figure 12-3 
Plume Types and Lapse Conditions 
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Problems: 



1. Visit the local airport (one with a weather station) 
Examine all measuring devices available at the site, 
including weather vanes, anemometers,, visibility, 
humidity, radar, precipitation, and temperature devices, 
balloons, rockets and so forth. 

2. Collect data derived from these device.^ and write 
a short report on the information gathered, including 
test frequency, robot instruments, recording, tele- 
metering and so forth. 

3. Find a discharge plume near your area and watch for 
plume characteristics. Characterize lapse rates based 
on the plume appearance. 
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PARAMETERS OF THE AIR ENVIRONMENT 



Significance The effects of a polluted air environment are sometimes 

of Pollution grouped under five general headings* These are: a) phy?io- 
logical effects, b) material damage, c) visibility reduction, 
d) agricultural damage, and e) psychological effects. 



1 . Effects a* Physiological Effects on Man and Animals . Human deaths 

recorded at Donora, PA, Poza Rica, Mexico, London, England, 
and the Meuse Valley of Belgium have shown that localized, 
high-level pollution can kill. Other studies by many 
researchers imply less dramatic, but long- las ting and 
well-documented effects of pollutants on health of humans 
and animals. 



Chronic bronchitis in Los Angeles, London, and New 
York, along with the rising incidents* of lung carcinoma 
in metropolitan populations are associated with air pol- 
i-jtion. Animal fluorosis from dust containing fluorides 
has been found to result from exposure to emissions from 
industrial processes in the Pacific northwest states. 

Material Damage b. Material Damage . A frequent and widespread effect c£ 

air pollution is the direct damage to structural metals, 
fabrics and surface coatings. Protective actions, and 
surface cleaning is estimated to result in an economic 
loss of several billion dollars annually in the United 
States. Acid mists, particulate products of combustion, 
and sulfur-bearing materials as well as secondary pol- 
lutants all contribute to such losses. Oxidation of 
textiles and lubber products causes extensive and rapid 
damage from the effects of ozone and some of its related 
cxidant compounds. 

c. Visibility Reduction. This effect is the one most 
noted by early writers and the most easily observed by 
layman and expert alike. The reduction in visibility or 
"smog-haze" effects result in scattering of light from 
surfaces of particles in the air. The amount of such 
light scattering depends on density of the' aerosol, 
particulate size of the pollutant, thickness of the air 
mass and other physical factors. Smoke, as a primary 
particulate pollutant or secondary photochemical smogs 
may be causitive agents. In son^ instances, visibility 
reduction due to pollution gives rise to severe curtail- 
ment of transportation and municipal activities. When 



Visibility 
Reduction 
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ultra-violet and other normal radiation effects are reduced 
by such layers, adverse effects on vegetation and man are 
observed. 



Agricultural 
JDamge 



Psychological 
Effects 



d. Agricultural Damage * Food, forage and ornamental plants 
show damage from air pollutants. Reduced values result 
from growth stunting, decreased yields, destruction of 

t lowers and leaf damage. Certain species are so sensitive 
to specific airborne materials that they can be relied upon 
for monitoring and identification of pollutants. In 
California, estimates have been made which run into several 
millions of dollars per year for damage to edible com- 
mercial crops. 

The materials usually associated with this damage 
are organic oxidants, acid mists, secondary reactive 
pollutants, sulfur oxides, and fluorides. 

e. Psychological Effects ^ Periodic public exposure to 
air pollution has brought forth fear as an important 
element in human reaction to such environmental con- 
ditions. Where actual measurements are lacking, psycho* 
somatic illnesses can be related to the threat of the 
unknown. This phenomenon should not be ignored as 
citizen responses, political actions and mental health 
of affected persons are important factors in shaping 
control actions. Mass hysteria from episode conditions 
serve to give enq)hasis to positive actions and reactions 
in public and governmental programs for controlling 
pollution. 



Parameters of 
the Air 
Environment 



Particulates 



While there are many materials which can be considered, 
measured) and related to the significance of air pollution, 
there are six basic pollutants for which national ambient 
standards have been developed. These are considered to be 
basic indicators or parameters of general air quality and are 
used nationwide as indices of overall ambient air quality. 
Not all of these materials appear in every section of the 
country in sufficient quantity to be considered a problem, but 
at least one or more are found in measurable concentrations 
almost anywhere on earth. 

These materials will be treated individually to afford 
opportunity to consider each in their respective roles as 
indicators cf overall air quality. 

a. Particulates . Particulate air pollution as used in 
this text refers to any matter dispersed in the air. 
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Surface 
Properties 



Motions 



Opti cal 
Properties 



yhether solid or liquid, where the individual particles 
are larger than small i.^olecules but larger than 500 microns 
in diameter* Such particles stay in the air anywhere from 
a few seconds to several months. They have a nuiuber of 
physical properties In common, and are generally classified 
in a single category referred to as aerosols. 

$ince particulate matter consists of such a wide 
variety of substances, chemical properties of the material' 
canndt be specific* Biological and mechanical properties 
are usually grouped in terms of the effects produced on 
a receptor. 

1. Properties of Particulates . Three general 
physical properties are reasonably well accepted 
as applying to all particulate matter. These are: 
aurface properties, motions, and optical properties. 

Ti»c principle of adsorption applies to the im- 
pact of particles and molecules of a gas. Upon 
collision between such materials and accximulation 
of gas molecules on or near the particle surface, 
a fraction of the surface may be covered or coated 
with gas molecules and adsorption results. If 
this action is caused by a chemical interaction 
between the gas and the surface, it is known as 
chemisorption. Absorption usually refers to the 
action where a gas is dissolved into the particle. 

All particles, regardless of composition, have 
the common property of motion. Small particles 
less than 0.1 micron in size exhibit large random 
' motion by collision with individual molecules. 
Those larger than one micron have settling velocities 
and their motions may not be entirely dominated by 
the motion of the air. 

The settleabJe portion of particulates in motion 
may be measured by using dustfall techniques. This 
method of evaluation is not considered representative 
as an index of overall particulate air pollution, 
since it does not consider the finer, more mobile 
aJ»zes. Dustfall itself is a nuisance, so its 
Measurement does give some concept of the deposition 
of airborne dirt from a contaminated atmosphere. 

The behavior of particles towards light is de- 
fined as another class of physical properties. This 
characteristic or behavior of particles influences 
visibility, and the optical effects allow a means of 
* perception in the atmosphere. 
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Z. Reactions of Atmospheric Particulates > Both 
particLe--particle and particle-gas reactions can 
and do occur in aerosol, mixtures or particulates , 
and gases* The particle-to-particle reactions have 
been studied only^to a limited extent since it is 
more generally a mechanical reaction and does not 
significantly alter the overall composition of the 
air mixture. It' is understood, however, that this 
reaction occurs more readily in size ranges under 
0.1 micron where collisions are frequent, but due to 
the small size, are difficult to study and evaluate. 
When particles are large enough to identify and 
study, collisions are much less frequent in the 
atmosphere because of the low concentrations. Con- 
fusion and inaccurate evaluations can^ result when 
analyses of particles collected, onsifllters do not 
consider their abilities to react when placed in 
close proximity with other reactive particles. 

3. Sources of Particulates in Atmospheres . Large 
particles result frqm trituration and small particles 
are produced principally by condensation. Con- 
siderable overlap occurs as small particles can be 
produced as spray from nebulizer mechanisms and 
very small particles can result from rupture of 
bubbles. The production of very small particles 
below a few microns by dry grinding is rare. 

An interesting conq)lex source of particulates 
is that of combustion because four distinct types 
of particulates can result. Vaporization due to 
heat produces very fine mateirials which condense 
and form particles in ranges between 0.1 micronc and 
1.0 microns. The energy of the combustion process 
produces very small particles (less than 0.1 microns) 
which may be short-lived, unstable molecular masses. 
Mechanical comminution reduces fuel or ash to 
particle sizes larger than 1*0- microns which are 
entrained in the mechanical process streams. When 
the fuel is an aerosol during the burning process, 
a very fine ash may escape at or during the process. 
Soot particles may be formed during partial com- 
bustion of fossil fuels. 

Wind erosion, spraying, grinding, and blasting 
frequently produce 10 microns and larger particles. 
The usual sources of dust are from pedestrians, 
vehicles, and wind action. Partially-burned trash, 
ash and smoke from burning refuse incinerators 
soot from poorly adjusted space heating systems 
contiribute particulates in urban areas. 
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Particles In slze--ranges of 1*Q to 10 microns 
are usually considered to have been produced locally 
by point sources or soil becoming airborne by 
pulverization from plant processes. 



Since the small particles between 0.1 microns 
and 1*0 microns cannot readily be formed by, ordinary 
size reduction processes, they usually are found in 
aerosols composed of significant amounts of con- 
densation products. In these "small particle size 
mixtures," combustion products and photochemical 
aerosols predominate. In most studies, the 
increase of less than 0*1 micron particles is not 
chemically foianed, but appears to be more directly 
associated with combustion. 

Sulfur Dioxide b. Sulfur Oxides. 



1. ' Properties . Sulfur dioxide is a colorless, non- 
explosive, non-flammable gas that most people can 
taste in atmospheric concentrations of about 0,3 ppm 
to 1.0 ppm or about 0.9 to 3.0 milligrams per cubic 
mete?:. When it is found in levdls above 3 ppm, it 
has an irritating, pungent and characteristic odor. 
In the air, photochemical and catalytic reactions 
change it partially to sulfur dioxide or to sulfuric 
acid. The oxidation which converts sulfur oxide 
(SO^) to sulfur trioxide (S0«) depends on several 
factors. Time, moisture, ana sunlight all affect 
the degree of this change. Other factors, the 
amounts of catalysts (nitrogen oxides and hydro- 
carbons) and the available alkyline and sorptive 
materials affect the process. 



Cause and Effect 



The cause and effect relationship of sulfur 
oxides on receptors is complicated by its inter- 
actions with other pollutants, with moisture in 
the air, and with oxygen. Temperature and sunlight 
also cause variations in this relationship. 
Laboratory exposures of 'animals, materials, and 
plants yield informative and useful data, tfut 
direct application of such findings to ambient 
conditions in outside atmospheres with all the 
inherent variables must be done with considerable 
understanding. 



Sources of 
Sulfur Oxide 



2. Sources of Sulfur Oxide ♦ Sulfur oxides in the 
atmosphere arise mainly from fuel combustion. 
Liquids and solid fossil fuels usually contain 
inorganic sulfide and sulfur-bearing organic 
compounds. The ratio of formation of sulfur 
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dioxides and sulfur trioxides from the fuel com- 
bustion is about 50 parts of sulfur dioxide to one 
part of the trioxide. 

Most urban atmospheres contain sulfur oxides 
in low concentrations. Since they are highly toxic 
to vegetation, animals, and man, sensitive detection 
methods must be used to give short-period averages 
and, maximum concentrations. Other contaminants from 
combustion processes or urban activities are almost 
universally present, so analytical and sampling 
pcocedures must be chosen to give minimum inter- 
ferences from such contaminant gases. 

3. Reactions of Sulfyir Oxides > Experimental 
laboratory demonstrations show that sulfur dioxide 
can act as an oxidizing or as a reducing ag^nt at 
normal room temperatures. With hydrogen sulfide, 
the gaseous sulfur dioxide reacts to form water 
and elemental sulfur. As a direct reducing agent, 
heat is required and ifreacts slowly to form 
sulfur trioxide. In catalytic reactions, this 
change can occur at ordinary temperatures. 
Nitrogen oxides will function as catalysts in 
this reaction* 

4. General E ffects of Sulfur Oxides * Sulfur oxides 
adversely affect human health, agriculture, 
visibility, materials, and climate. Damage to 
exposed metal increases with high humidity and 
temperature. If particulate matter is present, 
the deleterious effects are also increased. 
Corrosion is accelerated by conversion of sulfur 
oxide to sulfuric acid. This change may occur in 
the atmosphere or on the metal surface. The 
corrosion produced consists largely of sulfate 
salts of the exposed metal. Sulfate salt formed 
in the air by sulfuric acid and suspended particulates 
will also corrode many metals. 

Low relative humidity (below 70%) slows the 
corrosion effects considerably, but in atmospheres 
with very high humidity, noticeable corrosion occurs 
even when levels of sulfur oxide are quite low. 

Metuls Damaged Carbon steels are most affected, followed by zinc, 

copper, alujjsiinum and stainless steel. Limited 
economic data is available to document the economic 
significance of corrosion from sulfur o:cides. The 
maintenance and replacement of overhead wires indi- 
cated that high pollution areas tend to need more 
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frequent maintenance, especially where direct wind 
lines intersect such structures. 



Masonry and 
Stone Damage 



s 



Damage to 
Buildings 



In the communication and power transmission 
industries, corrosion of contact surfaces from sulfur 
oxides necessitates the use of low reactive metals 
for such mechanisms. Gold, palladium, and silver 
are used depending on the pollution levels • Silver . 
contacts are most readily tarnished with jgold being 
the least affected* 

Limestone, marble, roofing slate, and mortar are 
attacked by sulfur dioxide in the presence of moisture 
which converts it to sulfurous or sulfuric acid. Any 
building stone containing ^carbonate is damaged by 
the reaction whereby carbonates are converted to 
soluble surfaces which are readily leached away by 
rain water. Granite anif some sandstones contain 
little or no carbonates and therefore are not 
significantly affected by aiif?orne sulfur oxides. 

Building surfaces containing dolomites and 
limestone are susceptible to acid attack. Dolomite 
contains magnesium and calcium carbonates which are 
vulnerable. When calcium sulfate is formed on 
masonry surfaces, it is more bulky than the parent 
stone and appears to be bulbous and lumpy. Roofing 
slate often contains calcareous sandstone or car- 
bonates and shows damage on their undersides and 
between laps where films of moisture are held. 

Old buildings suffer from cracking and cleavage 
of planes and of stones which slowly open and lift 
fragments from the surface due to crystalization of 
calcium and magnesium salts formed by sulfur oxide 
reactions. Such crystalization may increase the 
volume of these "wedges" by as much as four times. 



Animal and 
Vegetable Fibers 



Valuable monuments and archaeological materials 
as well as buildings suffer real damage from high 
levels of combustion emissions containing sulfur 
oxides. It has been noted that the stone obelisk 
known as Cleopatra* s Needle has suffei'ed mc?Fe de- 
terioration in London's atmosphere in the past 70 
years than the earlier 3,000 years of its history 
before being removed from Alexandria, Egypt. 

Animal fibers used in textile manufacture, such 
as wools, and furs, are more resistant to acid 
damage than certain cellulose vegetable fibers and 
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synthetics. Cotton, hemp, jute, linen, synthetic 
' rayons and nylons are sensitive to acid combustion 

products containing sulfurous and sulfuric acids. 

Fabric Dyes Some fabric dyes are reduced or destroyed even 

without exposure to sunlight. Studies of the 
National Air Sampling Network effects packages show 
the maximum fading of some dyes when sulfur oxide 
levels were highest. 

Experiments with other gaseous pollutants in- 
dicate that sulfur dioxide working together with 
other airborne gases produced textile fading and 
deterioration effects greater than that observed 
with any of the components by themseJves. 

Paper and leather absorb and are adversely 
) affected by SO^. Leather disintegrates and loses 

^ . its strength wnile paper becomes discolored, brittle, 

and fragile. 

Paints ' Some oil-based paints dry slower by 50 to 100% 

in atmospheric concentrations of 1 ppm of sulfur 
dioxide. Other paints show reduced gloss and in- 
creased moisture sensitivity in sulfur dioxide, 
atmospheres. Ammonium sulfate crystals form in 
Brunswick greesi pigments causing them to appear 
blue in air concentrations of 0.1 to 0.2 ppm of 
^Ifur dioxide. 

5. Health Effects ; Toxicological effects of sulfur 
oxides are of primary concern, both for humans and 
animals. Most available data are from grossly 
polluted atmospheres which may not be directly 
comparable or related to low-level, long-term 
conditions. Even extensive experimentation with 
small laboratory animals in controlled atmospheres 
must be used with the realization that ambient air 
mixtures and varying physical conditions of the 
air envirotiment will produce additional factors. 

Changes in lung pathology of small experimental 
animals (especially mice, rats, hamsters and guinea 
pigs), all appear to generally agree that high 
concentrations (300 to approximately 1000 ppm) 
significantly alter the respiratory system and lead 
to marked lif e-^shortening. Constriction of bron- 
chial passages and resulting airflow reductions 
are generally reported for most small animal ex- 
posures to high level concentrations. 



Health Effects 
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London Episodes 



Vegetation 
Effects 



LOW Vs. High 

Level 

Exposures 



Susceptability 



In certain sensitive humans, bronchospasm can 
be induced by exposures Tor 30 minutes to 1 or 2 ppm 
of sulfur dioxide and almost all persons will ex- 
perience respiratory irritation at 5 ppm or above. 

The London episodes document a rise in daily 
death rates when there is an abrupt rise sulfur 
dioxide fo levels as low as 0,25 ppm (715 micrograms 
per cubic meter) when smoke is present at about 750 
micrograms per cubic meter. After this episode, it 
appears that when sulfur dioxides were found in 
excess of 1500 micrograms per cubic meter for one 
day and particulate levels exceeded 2000 micrograms 
per cubic meter, an overall death rate of 20% more 
over baseline levels was documented. Similar ex-* 
posures in New York during a 24*hour sulfur dioxide 
concentration gave almost identical results. 

. 

6. Vegetation Effects • Injury to plants is thought 
to be due to the apparent accumulation of absorbed 
suMur oxides which are transformed to sulfuric acid 
and then to sulfates. Some studies indicate that 
high levels overwhelm the usual defense mechanisms, 
resulting in accumulated sulfite which attacks 
plant cells from sulfurous acid formation. This 
absorption rate depends on airborne concentration 
and determines the amount of acute injury. 

Low level concentrations over a time period will 
be resisted better than the same amount of pollution 
in high concentration for a shorter period. Some 
plant species can be used to plot mathematical 
relationships of exposure time, concentration and 
damage from airborne sulfur dioxide. 

Different plants respond with different suscep- 
tability to acute injury from sulfur dioxide. 
Alfalfa has been noted as a sensitive indicator 
with noticeable damage occurring at slightly over 
1.0 ppm for a one-hour exposure.' 

Chronic plant injury results from low-level, 
long-term exposures where excessive amounts of 
sulfate accumulate in leaf and plant tissues. 
Growth suppression and yield reduction in crops 
have been blamed on low-level exposures which 
are below the amount capable of causing visible 
injury. 
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Carbon Monoxide* 



1. Properties ^ Carbon monoxide is a major pollutant 
in the United States with an estimated annual emission 
rate of about one hundred million tons* It is 
slightly lighter than air (97%), colorless, odorless, 
and tasteless and is formed from combustion or 
oxidation with insufficient oxygen to form carbon 
dioxide. Carbon dioxide in the atmosphere is con- 
verted to CO in high temperatures under reducing 
conditions* This process is known as dissociation ' 
of carbon dioxide to carbon monoxide. 

1. Sources . About 64% of all carbon monoxide form|fd , 
in the United States is considered to result from 
transportation sources. The automobile is the 
greatest single source. Burning refuse, forest 
fires, and structural fires are major sources. 
InduSitrial sources include foundries, petroleum 
refineries, and paper mills. Stationary sources 
such /as steam-electric generating plants and in- 
dustrial, commercial, and domestic heating 
facilities 'also produce this contaminant. 

3» Reactions . If there were no scavenginj^ or 
reaction processes affecting carbon moi^oxide, the 
atmospheric levels would be expected to rise each 
year from its' continued production at such high 
rates. Measurements in non-urban areas have 
indicated that this expected buildup does not 
occur and some theories are advanced Indicating 
that upper atmosphere oxidation (where short-wave, 
ultra-^violet radiation is greatest) converts carbon 
monoxide to dioxide. This theory has been offered 
to explain the apparent reduction of rates of 
accumulation at an upper concentration limit in 
spite of long-period, high-level global emissions. 

4, Effects > Carbon monoxide has long been 
recognized as having a high toxicity potential in 
urban atmospheres. Investigations of current 
levels and the health involvement such as 
respiratory, cardiovascular, anemia, and renal 
effects continue to be made by governmental and 
regulatory agencies. In-plant monoxide exposure 
studies have resulted in reductions of threshold 
limits over the past years from 100 parts per 
million to 50 parts per million for eight-hour 
daily exposures. Many urban sampling stations show 
levels which approach and sometimes surpass this 
level, especially during periods of he'^vy vehicular 
traffic. 
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With no warning properties which allow ready 
detection by the senses such as smell, or sight, 
carbon monoxide is insidious and may produce 
significant impairment and damaging symptcns* 

The most significant human effect is* related 
to impairment of oxygen transport by the blood. 
Carbon monoxide has a great, affinity fox red blood 
cells and combines readily to reduce their ox^'gen- 
carrying capacity. Exposure and resulting carbon 
monoxide toxicity is directly dependent on the 
concentration of tsonoxide in the inhaled air and 
duration of the exposure. 

The usual symptons of injury are headache, 
dizziness, nausea, muscular' weakness and with 
increasing exposure, collapse, unconsciousness 
and death. Exertion, with higher-than-normal 
breathing rates, hasten the symptons and blood 
levels o carboxy hemoglobin (Hb CO). 

Many individuals show impairment with a level 
of Hb CO in blood of 57; which uonesponds ap- 
proximately to an air level of 30 parts per million 
monoxide at no^rpal-ituman activity. When exposures 
are termiMtf^, the red cells slowly lose their 
absorbed monoxide and the oxygens-carrying 
characteristic is restored. 

Hydrocarbons * 

1. Properties * Hydrocarbons are organic compounds 
whose molecules consist of atoms of hydrogen and 
carbon only. Those considered in this text are gas- 
phase compounds which may be encountered in the 
atmosphere. Those having a' carbon number of one to 
four are gaseous at normal temperatures, those with 
a carbon number above five are liquids or solids 
when found in the pure state. 

Hydrocarbons are usually listed in three major 
divisions; 1) aromatic, 2) aliphatic and, 3) ali- 
cyclic. Aromatics have a "benzene structure" which 
is a six carbon ring with three double bonds. Where 
no such ring structure exists, the compound is said 
to be aliphat'^c * If the organic ring structure is 
not identifiable as a benzene ring, the compound is 
considered to be alicyclic . There are many sub- 
divisions in each of these major divisions. 
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2. .Sources. Four major sources of hydrocarbons' are 
well '-^cuaented: 1) petroleum, 2) co^l,!3) natAiral 
gas 4) biological products. The loss of^tfhis 

contaii*j.nant into the atmosphere occurs during* pro- 
duction, storage, transport, processing, ahd use of 
the original organic material. 

In the petroleum industry, potential emission 
sources are leakage in oil field operations^ gaso- 
line storage tanks, refining, loading of gasoline, 
flares, pumps, compressors, and waste-handling ! 
equipment. During marketing and distributit>n of 
gasoline, hydrocarbon vapors are released from 
automobile tank-filling operations, service 
station tank filling, tank-truck loading, and 
piping of gasoline to pumps and storage. The 
main source of organic solvents is from petroleum. 
Smaller contributions come from drug, chemical, 
and pharmaceutical manufacturing. 

Degreasing and cleaning of parts sometimes 
causes volatile vapor losses and emissions. Plastic 
and rubber product manufacturing involves use of 
solvent-bearing adhesives which lead to organise 
emissions. 

Paint, varnish, coatings and lacquers have high 
percentages of soJ vents which evaporate during 
drying cycles after application. 

The combustion of fuels when equipment is poorly 
adjusted leads to significant emissions of hydro- 
carbons. Automobiles and stationary internal com- 
bustion engines are major sources in urban areas. 

Open burning of waste materials can cause high 
organic emissions from incomplete combustion. Tbe 
largest source is the disposal of municipal garbage 
by open burning. Agricultural and forest burning 
are also significant sources, especially during 
uncontrolled forest and prairie fires. 

3* Reactions . Hydrocarbons in the atmosphere are 
important to air pollution control agencies because 
of their characteristic of participating in secondary 
reactions with other compounds. The cxact chemistry 
of such reactions is sometimes unclear, but there are 
definite observable reactions with oxygen atoms, 
ozone molecules and free radicals in the presence 
of sunlight. 
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Sunlight 
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Production 
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Human 
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Aliphatics 



Alicycli:s 



It is thought that hydrocarbons and sunlight 
alone do not react appteclably, but the. presence of 
nitrogen oxides and hydrocarbons give rise to photo- 
chemical smog. 

One significant product of photochemical origin 
is ozone (0^), a toxic and highly-reactive form of 
oxygen. This material is a secondary contaminant and 
is known as a photochemical* oxidant* The amounts of 
ozone and photochemical materials produced depend 
on the levels of hydrocarbons present, the levels 
of nitrogen oxide, and certain meteorological factors 
including sunlight and temperature* 

While methane is a hydrocarbon, it is considered 
photochemlcally non-reactive and must be subtracted 
as a major contributor to air pollution* In atmos- 
pheres where a high percentage of hydrocarbons present 
is measured as methane, a monitoi^ing system must be 
chosen to detect the mechane levels so that the real 
significance of total hydrocarbons reactions can be 
realized. 

A major hydrocarbon found in automobile exhaust 
is ethylene. It is considered to be a significant 
photo-oxidant and presents one of the greatest hazards 
to plants. 

A. Effects * The effects of hydrocarbons alone would 
not be particularly significant* The pro-motion of 
photochemical reactions and forjuation of other 
derivatives cause the more noticeable effects. 

Eye irritation is one of the most noticeable 
and important effects of photochemical air pollution. 
Formaldehyde and other aldehydes are involved in 
eye-irritation effects. 

Hydrocarbons themselves have rarely been im- 
plicated as having direct physiological effects on 
humans,' even in rather high concentrations. The 
toxicity of the reaction products is of much greater 
importance than hydrocarbons themselves* In high 
concentrations, ethylene, propylene and acetylene 
may produce anaesthetic effects, but in ambient air, 
the likelihood of sufficient quantities for this 
response is remote. 

Alicyclic hydrocarbons are similar in their 
characteristics and are considered to have a 
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relatively low otder of human toxicity, except in 
overwhelming exposures. 



Aromatics 



Vegetative 
Effects 



Vapors from aromatic hydrocarbons are irritating 
to the mucous membrances and are considered bio- 
chemically active. Industrial uses of benzene and 
toluene have proven toxicity potentials. Long-term 
exposures even at low levels, are to be avoided. 
Ambient atmospheres do not usually contain sufficient 
levels to give physiological damage except in rare 
instances near plant exhaust systems or near drying 
operations. Levels below 25 parts per million* are 
considered to be safe for continued human occupancy. 

Damage to green-house plants from illuminating 
gas leads to the discovery that ethylene has adverse 
effects on growing vegetation. Certain sensitive 
plants are damaged by concentrations of ethylene 
as low as 0.001 to 0.5 parts per million. The 
principle effect is growth inhibition. Other 
characteristic effects of ethylene are dry wilt 
of orchids and closing of carnation blossoms (13-1). 
Two other hydrocarbons, acetylene arid propylene, 
have been implicated in adverse plant effects, but 
60 to 500 times the concentraJ,ion is needed to give 
a comparable result. 

e. Oxides of Nitrogen , 'The term NO is widely used to 
represent a composite of the two nitrogen oxide compounds, 
nitric oxide (NO) and nitrogen dioxide (NO^), which are 
the most important in air pollution considerations. 

« 

Other oxides of nitrogen include nitrous oxide (N^O), 
nitrogen sesqui oxkle (N^O^), nitrogen tetroxide (N O.J, 



oxide is found in significant concentrations in the 
atmosphere . 

1. Properties . Nitric oxide (NO) is an odorless, 
colorless gas which is formed during high-temperature 
combustion processes by combination of atmospheric 
oxygen and nitrogen. 

The reaction depends on the concentrations of 
each gas present, pressure, temperature, and time of 
passage through temperature ranges. Nitric oxides 



(13-1). Air Quality Criteria for Hydrocarbons, U.S. Department 
of HEW, March 1970, National Air Pollution Control Administration 
Publication No. AP-64. 




Of these, only nitrous 
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Natural 



are more prevalent when combustion is followed by 
rapid cooling of the gas stream. Nitrogen dioxide 
has a brown-orange color with a pungent, irritating 
odor. It is highly oxidizing and corrosive and 
is considered toxic to humans. 

2, Sources . The greatest proportion of NO is the 
nitric oxide (NO) form from bacterial action. It 
is estimated that 500 million tons per year is 
produced world-wide from natural biological pro- 
cesses. Emissions of NO^ and NO from man-made 
sources are estimated at about 50 million tons 
per year. 



Man-Made 



There are notable differences in urban and 
rural NO^ concentrations. Generally city atmospheres 
contain 10 to 100 times as much as non-urban 
atmospheres. 



The most important man-made source of NO is 
associated with fuel combustion. The burning of 
coal, oil, natural gas, and motor vehicle fuel 
accounted for 18 million tons of NOx during the 
year 1968. Power plants emitted about 4 million 
tons, industries 4.8 million tons, and space heating 
produced about 1.2 million tons. It was estimated 
that of the 1968 levels, 8 million tons caite from 
transpjjrtation sources, with motor vehicles r^spon- 
slbie far 7 million tons. 



Sunlight 
Reactions 



The combustion or waste and refuse by burning 
produced about 2.5 million tons of NO^ daring 1968. 

The production of nitric acid and its use in 
industrial chemical processes accounts for about 
0.2 million tons per year. 

3. Reactions . The atmospheric reaction of NO^ with 
hydrocarbons in the presence of sunlight is a complex 
reaction. To greatly simplify this cycle, one can 
consider that NO^ is an efficient absorber of 
visible anc ultra-violet light from solar radiation. 
This radiation has enough energy to alter or disrupt 
chemical bonds in NO2 to form nitric oxide (NO) ^ 
and oxygen in the atomic form (0). The atomic 
oxygen (0) reacts with atmospheric molecular oxygen 
(O2) to form ozone (0«) which is a strong oxidant 
in the ambient air. The ozone will then combine 
with reactive hydrocarbons (olefins and aromatics) 
to produ« photochemical pollutants. 
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Material ' 
Effects 



Metals 



Vegetation 



Some textile dyes are faded and discolored 

X 



4. Effects , 

by the reaction of No_ in the air. 



Such materials situated near combustion processes 
exhibit marked changes due to high-temperature pro- 
duction of these oxides. Dyes containing amino 
compounds are especially vulnerable to this damage. 
Violet, green, and blue shades of acetates show 
fading when exposed in rooms with gas heaters. 

White fabrics woven from nylon, acetate, and 
certain permanent-press materials have shown 
mysterious yellow streaks when stored or on display. 
Laboratory experiments show that NO^^ will produce 
this result, and resistive add! ives are being 
woven with the fabrics to prevent such damage. 

Electrical contacts, relays, and springs, have 
a high failure and corrosion rate in areas where NO^^ 
and dust levels coincide. The deposition of 
nitrate-bearing dust has been found to be an 
important causative factor. ^ 

Even though the involvement of NOx in photo- 
chemical reactions is well documented, effects on 
plants by NO^^ have been difficult to prove. Some 
plant damage near nitric acid plants has been noted 
but no widespread characteristic patterns are known. 

Laboratory studies have noted certain interesting 
effects due to high-level exposures (one part per 
million or more), but evidence of injury from low- 
level chronic exposures are not particularly con- 
clusive. Some yield reductions have been attributed 
to NOj^ when plants are fumigated with low concen- 
trations. Ic is generally thought that other 
effects such as temperature, soil moisture, nutrition, 
etc., may be more easily measured than the effects 
of NOy on most comiLercial crops. 



Human Effects 



The^? are only limited data available on 
toxicolojiicai effects of oxides of nitrogen in 
human expo^uxes. Tho. information that is available 
deals priuk^rily with leveJs much greater than can 
be conceived in ambien* air even in grossly 
polluted areas. High experimental exposures pro- 
duce transient effects of i»;creased breathing 
difficulties and reduced br^-athing capacity. 

Occupational exposures lo extr<=^mely high 
levels produce pulmonary edemu and decreased vital 
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capacity. These symptoms result from SO-mlnute 
exposure to approximate 90 parts per million NO2. 

Oxidants , 

1. Properties , With respect to air pollution, ozone 
(O3) Is the principle oxidant gas now being monitored 
to detect the presence of "total oxidants." Surface 
air usually contains total oxidant levels from 0»01 
to 0»03 parts per million* These concentrations are 
not detectable by the human senses. Increases in 
altitude give considerable Increases in ozone levels. 

Oxidants are detrimental to biological systems. 
Generally^ oxidation refers to chemical reactions 
where oxygen combines with other atoms to form com- 
pounds known as oxides. Oxidation is used also as 
a term to describe the loss of electrons by an 
atom or molecule. 

2. Sources , Photochemical oxidants are produced by 
reactions between hydrocarbons and nitrogen oxides in 
air in the presence of sunlight. O^one and peroxyacyl 
nitrates (PAN) along with other organic nitrogen 
coti5)ounds which are identified as photochemical smog, 
are produced by this process. Ozone is the primary 
product of this photochemical process and virtually 
none is formed naturally. 

3. Reactions * Ozone is a highly-reactive substance 
and will readily give up its extra oxygen atom upon 
contact with another substance to become ordinary 
oxygen (02)» The material that receives the extra 
oxygen is said to have been "oxidized*" The ozone 
is said to have been "reduced*" 

When nitrogen oxides are present in the form of 
nitrogen dioxide (NO2), and react with sunlight, NO2 
and atomic oxygen (0) are formed. Ozone is then 
formed by the reaction of atomic oxygen and naturally 
occurring atmospheric oxygen (O2). This cycle 
continues by the reaction of NO and NO3 to form new 
aitrogen dioxide and ordinary oxygen* This is a 
balancing reaction and the cycle perpetuates itself 
as long as ;:*inllght energy and the necessary reactant 
substances are present. 

Certain types of hydrocarbons enter this cycle 
of reactants and it is theorized that oxygen atoms 
attack the hydrocarbons to form oxidized compounds 
and free hydrocarbon radicals which react with NO to 
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form N02- This reaction results In a buildup of O3 
and NO2 and a depletion of nitric oxide (NO).. 

Health Effects 4. Ef fects > Humans will usually detect ozone when 

the concentration reaches about 0.05 parts per 
million. Since there are more irritating effects 
at these levels, odor is not a common conqpliant. 
Throat irritation occurs at O.lO parts per million 
and increases with further elevated concentrations. 

Large doses of ozone can produce emphysema, 
bronchitis, and pulmonary edema. Some researchers 
indicate that cell changes in heart muscles and other 
parts of the bo^y as well as in the respiratory 
system occur from exposures to ozone. 

In the 1950' s, early air pollut.ioh researchers 
began to notice plant damage in the Los Angeles 
basin. Further research and experiments at the 
University of California showed that bean and tomato 
seedlings, grapes and grape leaves, petunias, and 
lettuce were Injured by (PAN)* Ozone is one of the 
most reactive of the gaseous air pollutants and it 
is responsible for causing leaf yellowing and plant 
aging. The degree of damage by any one pollutant 
is difficult to assess in open, natural areas due 
to the known effects of single contaminants such as 
sulfur oxides, fluorides, and chlorides. 

8* Other Pollutants . Many other pollutants have signifi- 
cance in certain special areas where special processes are 
in use. Acid mists emitted from sulfuric acid manufacturing 
plants are highly irritating, offensive, and damaging to 
property and plants. 

Hydrogen sulfide (H2S) is a highly- toxic- material 
found in certain "sour** crude oils and natural gases in 
the Rocky Mountain areas of Wyoming, Montana, and Mexico. 
The conversion of H2S to SO2 by burning at refineries, 
well^ltes, and oil field tank batteries gives rise to 
significant sulfur oxide levels. Sulfur recovery units ^ 
are utillzad to efficiently remove sulfides from these 
crude oils and natural gases to produce elemental 
sulfur and allow the use of the oil and gas for further 
refining or fuel use. 

Decomposition of organic wastes produce? hydrogen 
sulfides and tnercaptans. These materials are also found 
in odorous gases which are by-products of the Kraft pulp 
industry. 
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Plant Effects 



Add Mists 



Sulfides 



In many cases, odcfr is a sufficient pollution index 
to evaluate the hazard. - In the case of hydrogen sulfide, 
however, the sense of smell cannot be relied upon td give 
reliable information on its occurrence. This is due to 
the paralysis of the olfactoi^ nerve and loss of smell 
response upon high exposures to this material* 

Fluorides ' The reduction of aluminum ores and phosphate tallling 

give rise to the release of fluorides. Animal toxicity 
in the Pacific northwest has pronqpted the use of emission 
controls in aluminum smelters. 

Chemical processes and tnetal smelters are potential ^ 
sources for airborne lead and arsenic. These materials 
are significant due to their known health effects on 
humans and animals. 

Uranium tailings and waste piles which are un- 
stabilized allow radioactive materials to become airborne. 
Special interest has been directed to the presence of 
radium compounds because of their long-lived activity 
in these discarded piles. 
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Problems: 



1. Select and measure several air parameters. Visi- 
bility, material damage (put out new material and watch 
for changes), particulate (settleable) are some of the 
easier ones to measure, 

2. Decide on the source of the pollution problem. Is 
this an easy job? 

3. Vary the sites selected for sampling and discuss 
possible changes in results, for example,, are particu- 
lates higher near highways or in a rural area? 

A. What specific pollutants are common in your area 
and what are their sources? 

'i 

5. Has a control program been instituted to reduce 
pollution? 



• 
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VARUTIONS IN TIME AND SPACE 

Air quality monitoring is not a static process if it is 
successful in giving answers that can be used for controlling 
or reducing emissions. The fallacies of dependence on 
single time or '^grab" samples have been discussed in this texty 
and it is equally important to avoid sampling and measuring 
wliich merely testates known facts about the atmosphere. Long- 
term sampling to establish trends and patterns of anbient 
pollutants is useful to predict effects, identify sources 
and detect reductions associated with control measures. When _ 
short-term, high-level standards are exceeded or when the 
contaminant is hazardous , single samples may be adequate to ^ 
recommend correctioh programs. 

Seasonal weather patterns including wind and temperature 
variations must be included in any survey which attempts to 
assign yearly averages. The use of background figures from 
one season or even for a year may not be accurate enough to 
really evaluate low-level emissions during years when weather 
systems are exceptionally dry or wet in comparison with so- 
called normal conditions. The rain-out or snow-out of gross 
particulate pollutants often brings noticeable citizen res- 
ponses and. can serve to damage surfaces excessively when 
collared to dry dispersed depositions over longer time 
periods. 



/ Channeling and reversals of winds in basins or airsheds 
can concentrate and re-expose receptors to increasing amounts 
of pollutants that may be ordinarily unnoticed and below 
established standards. 

VehiQular pollution emissions in metropolitan areas 
usually follow cyclic patterns associated with peoples* work 
habits. In some central urban locations pollution peaks 
coincide with morning and evening traffic, while others are 
overwhelmed by influences of commercial traffic in the mid-day 
business periods. 

Fugitive dust from construction and vehicle travel on 
unpaved roads can overwhelm particulate samplers during dry 
weathei' or windy conditions. 

Dispersion of pollutants may create problems such as 
changes in global climate or atmospheric conditions. Some 
theorists hypothesize that an increase in carbon dioxide 
levels could raise global temperatures sufficiently to 
raise the ocean level due to the melting of polar ice deposits. 




LEGAL 

CHANGES 



CITIZEN 
INVOLVEMENT 



CITIZEN 
SUITS 



From 1958 through 1968, the rate of increase of atmos- 
pheric carbon dioxide averaged about 0,7 parts per million. 
During the years 1969 and 1970, the measured increase at 
the same observatory (Mauna Loa) has been 1.35 parts per 
million per year. Accurate studies of climatic change must 
be carefully made in order to verify or discount these pre- 
dicted effects on global climate. 

There are wide variations in pollution levels between 
cities of comparable size and between regions having similar 
geographic characteristics. These differences are often 
related to the types of fuels used and population distribution 
patterns. 

Overall air pollution emissions increase along with 
increases in population and production. In areas of low 
population density and limited numbers of point sources, 
correction effects are dramatic and quite easily documented. 
This is especially true due to the overall good air quality 
and excellent visibility in the intervening air spaces. On 
the other hand, the introduction of relatively minor sources 
will be noticed as increased pollution even by the most casual 
observer. 

Changes in environmental laws are being instituted to 
provide greater protection for the environment. This develop- 
ment is seen in the enactment of the National Environmental 
Policy Act (NEPA), wherein the Congress states "it is the 
continuing policy of the Federal Government to create and 
maintain conditions under which man and nature can exist in 
productive harmony.** 

Another factor influencing monitoring and detection is 
found in the provision for citizen responses to standards 
setting and rule making by governmental agencies. The need 
for pollution control programs themselves must be explained 
to and understood by legislatures and civic governing bodies. 
New obligations are placed on citizens to become knowledgeable 
regarding pollution effects, standards and legal requirements. 

The Federal Clean Air Act Amendment of 1970 
Section 304 provides for citizen participation in the enforce-- 
ment of standards by citizen suits. These actions are care- 
fully restricted^ to situations where violations of standards 
or failures to act on the part of the responsible agencies 
are alleged. This provision is described in the Senate Cora- 



(14-1) Public Law 91--604. 91st Congress H.R. 17255, December 
31, 1970. 

(14-2J Report of the Coimnittee on Public Works. U. S. Senate 
No. 91-1196. 



mittee Report 
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agencies charged with the responsibility to briiig enforcement^ 
and abatement proceedings." 

LEVELS OF Levels of concern for environmental quality have been 

CONCERN described in four categories by one writer. (1^~5) These are 

(1) bare survival — control of major physical damage, (2) 
control of disease or injury — chronic damage or* accidental 
responses, (3) efficient performance — adequate maintenance 
for proper functioning, (4) comfort — satisfaction and enjoy- 
ment^of life and property. 



NATURAL 
SYSTEMS 



If we limit cur concerns to bare survival, any failure 
or change is disastrous. If we are only providing for con- 
tinuing safety, we ^also can expect some serious effects from 
failure. We can tolerate some change of efficiency for 
limited periods, but most will agree that this needs some 
reversal and correction. The most rewarding achievement of 
course, would be to gain the most difficult and elusive goal — 
that of assured comfort and a satisfying environment* 



It wou 
pollutes the 
hydrocarbons 
pollutants, 
dust storms 
adds and man 
other less d 
areas, hurri 
matter) that 
areas under 



Id be a grave mistake to assume that only man 
air. Nature produces enormous quantities of 
, nitrogen oxides, sulfur compounds and other 
Under usual conditions, barring forest fires, . 
and volcanoes, natural systems remove what nature 

does not become concerned. However, there are 
ramatic sources (windy conditions, dry desert 
canes, mineral springs, and decaying organic 

cannot be disregarded as major sources in certain 
special conditions. 



/ 



(lA-3) Winthrop, H. (1968). "Ventures in Social Interpretation" 
Page 252. Appleton, New York. 
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Problems: 



1. Select sites downstream (air) from an air pollution 
source. Does the distance from the source affect para- 
meter measurement? What is the change? Is the change 
linear or logrithmic? ^ 

2. Does the season of the year or stability of the* air 
cause changes in parameter values'? 

3. Could pollution standards be used for zoning con- 
siderations in future planning? 
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MONITORING TECHNIQUES 

Introduction in order to secure meaningful and accurate results from 

sampling, certain basic factors must be recognized. 

^ Basic Five considerations are of primary importance: 1) reasons 

Considerations for sampling/ 2) type of instrumentation or collection, 

3) methods of analysis, 4) laboratory capabilities and, 5) data 
evaluation and interprrtation. 

Reasons ' when we consider the, reasons for monitoring or sampling, 

decisions must be made so the effort is coordinated to a 
specific need for information. Sampling effluents from a 
single source or stack can impose much different conditions 
than seeking general overall data from an urban area. In 
any case, sample location should be representative and free 
of interferences or obstructions. The need for more than 
one sample is apparent when annual or geometric means are 
needed for comparisons with limits. 

It is necessary tt carefully select the proper type of 
sampling device or instrument. A single sample, by opening 
an evacuated flask in a gaseous atmosphere, may be adequate 
in some cases, but if longer-term^ integrated results are 
needed, bubbling trains with specific collection solutions 
would be required. In either case, the exact volume of air 
sampled must be known. The technique has to be balanced with 
and related to sampling objectives and available resources. 

Methods of analysis are chosen before samples are taken. 
Interfering influences or materials shoulii be known and 
considered in the choice of analysis methods. Sensitivity 
is an important factor in order to be able to relate and 
compare results with standards and regulations. 

Laboratory when highly-toxic and hazardous materials are being 

sampled, limits are generally imposed in the parts per 
billion range. This places a significant requirement on 
the laboratory to be able to detect such low concentrations. 
The sampling methods are also highly dependent on laboratory 
capabilities, \7hen low volume evacuated flask "grab" samples 
are collected in low concentration atmospheres, thresholds of 
detection become very important, and special methods of 
sample preparation or preservation may be required. Known 
samples are often desirable to test analysis systems and 
insure reproducible and accurate results. 



Instruments 



Analysis 



Evaluation The presentation and calculation of resultant data is 

extremely important. The best methods, sampling, and analysis 
can be entirely useless if information cannot be intelligently 

Reporting interpreted. All factors culminate in the fina' report, which 

may be the only part of the program that is available to the 
agency staff, pollution source, or enforcement officer. 
Limited amounts of information from short-terra surveys can 
be hand calculated, tabulated, and explairted in a survey 
report. The report should be accurate and sufficiently 
detailed to be understood without extraneous explanations. 
When legal or enforcement actions depend on such surveys, 
care must be taken to meet regulation and statutory require- 
ments so that results can be used as evidence or proof. 

Unless emergency situations develop and time is not 
available, sampling periods must be chosen to clearly represent 
actual day-to-day averages rather than maximum or minimum 
conditions . 

Intelligent and accurate application of background con- 
ditions is sometimes quite important. Natural conditions, 
over which no control is possible, must be a part of the 
interpretation of results. 

In instances where multiple sources are situated in close 
proximity to each other, stack or point source sampling is 
required to suppio^npT^*; ambient or area sampling. 

'An excellent reference of recommended practice for 
planning the sampling of the atmosphere is contained in Part 
23, American Society for Testing and Materials Designation 
1357-67. 



Ambient a. Sampling of Particulate Matter . 

Monitoring 

Techniques l. Dustf all . For materials larger than 10 microns 

in size, dustfall is a most common index, reported 
in tons per square mile per month or in grams per 
square meter per month. A container jf uniform 
cross-section placed in a representative area is 
Weight Per used. The weight per unit of area is extrapolated 

Area from a few square inches or centimeters to a square 

mile or a square meter. Usual values for urban 
areas are 10 to 100 tons per square mile per month. 
In heavily-polluted industrial complexes, values 
may reach 2,000 tons per squar.^ mile per month. 
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STANCHION WITH DUSf FALL JAR HOLDER 



Dustfall measurement i do not reflect the lighter, 
smaller cc mponents accurately, and therefore offer 
limited scientific interpretation or 
correlation between sampled areas. 
Trends of dustfall can be noted with 
respect to industrial or human activity 
and evidence of major sources of dust 
can be secured when multiple sample 
stations are carefully chosen. Small 
fluctuations in dustfall cannot be 
used to secure detailed and exacting 
information on aiL quality. Open 
areas, heavy traffic, wind velocity, 
and surf ace-abst:ruct±ons-^add 4u> the 
complexity of such san^ling. 



Particles greater than 10 microns 
in size exist in most atmospheres only 
in very low numerical concentrations. 
Their settling velocities and impact 
characteristics are the main factors 
influencing their deposition in a 
dustfall jar or container. The con- 
figuration of the container, the 
aerodynamic effect of its edges, the 
mounting brackets and its location 
with respect to adjacent structures 
complicate the collection process. 



Cyclonic 
Collectors 



Dustfall Jar 



These conditions must be carefully standardized 
insofar as possible in order to attach anything more 
than relative significance to the data. 

Cyclonic collectors can be used to collect the 
larger particles above five microns with good 
efficiency. Some fraction of the smaller particles 
are also removed, and the relative efficiencies 
must be known in order to successfully relate 
samples with other methods of collection. 

Some size-^selective methods of sampling have 
been used in attempting to sample respirable versus 
non-respirable fractions of airborne dust. These 
devices are employed in industrial hygiene measure- 
ments, and are not generally used to give comparisons 
with gravimetric air pollution standards. 

Thus far, the duGtfall jar with its inherent 
limitations is the most widely used technique for 
air quality evaluation of large (over 10 microns) 
particles. It has the advantage of being inexpensive. 
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can be operated relatively unattended and can serve 
to integrate long-terr, effects. 

In low-humidity climates where high winds are 
common, the dustfall container is usually used with 
a liquid to prevent loss of collected materials. A 
choice of wetting agents must be made carefully to 
prevent intro4uction of errors from deposits of 
dissolved solids. In cold atmospheres, solutions 
containing glycol or alcohol can be used to 
prevent freezing. 

High dustfall levels are readily noticed by the 
general public and even though nation-wide levels 
from urban areas are declining, the use of dustfall 
containers still is recognized as a good indicator 
of ar tif ically-caused, high-dust emissions. However, 
particles that fall out of the atmosphere cannot be 
related to a given volume of air sampled and are not 
generally considered representative of the atmosphere's 
composition at the sampling point due to the number 
of particles remaining suspended in the air. In 
sizes lower than about seven microns, suspension 
becomes an important facto^ and other methods must 
be used to collect and measure the airborne 
concentrations. 

2. Filtration . Filtration techniques are universally 
used to collect particulate matter for sizing, counting, 
and gravimetrically evaluating dusty atmospheres. If 
counting and sizing are prime considerations, filter 
materials must be carefully chosen as particles tend 
to penetrate most fibrous filters and cannot be micro- 
scopically inspected. Membrane or raoleciAar filters 
are utilized for count or size analyses, and the 
collected materials can be removed in approximately 
the same state as they were deposited. Such filtering 
materials have high collection efficiencies, even 
for the sub-micron sizes, and are especially well 
suited for low concentration atmospheres having 
relatively large percentages of fine particles. 

Pore sizes of membrane filters are uniform and 
are offered in sizes from 0.005 to 10 microns. 
Llectrostatic effects make them suitable for col- 
lecting materials smaller than the pore size. The 
internal passages and channels of the filter cross- 
sectJon also provide surfaces foi- impaction of 
particles within the filter. 
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In general, membrane filters have considerable 
resistance to airflow when compared to filter papers 
and glass fiber materials. This resistance is 
increased in heavily-polluted atmospheres due to 
surface and penetration buildup and airflows can 
be significantly reduced, even to the point that 
ordinary pumps cannot be used for extended sampling 
periods. 

TJie*4Rost widely-used filtration sample collection 
device is D^e high-volume sampler, which consists of 
a motor and blower originally designed for a household 
vacuum cleaner. The sampler incorporates the blower, 
a suitable filter holder and enclosure to ^event 
direct dustfall and precipitation effects. For the 
past few years, very little has been changed in the 
original assemblies, except minor refinements ir 
housings, flowmeters, and devices to make filter 
changing or motor servicing more convenient. 

Usually the raotor-blower unit is contained in a 
shelter having a roof which is suspen4ed to allow 
airflow around the periphery. The horizontal filter 
surface faces upward and airflow characteristics 
generally prevent collection of parti':les larger 
than about 100 microns. Tne filters are mats of . 
fiberglass or some synthetic fiber having relatively 
open structures and low resistances to airflow. 
Samplers are normally run for long periods, from 
8 to 24 hours, and airflow rates are measured at 
the beginning and end of the sampling period. 

Filters are weighed before exposure and if 
weighing conditions are standardized, it is possible 
to determine the total weight of the collected 
material by a second weighing at the end of the 
period. The filters should be visually inspected 
with a light box to detect pJ.nhole leaks or defects 
in the filter material. Filters are kept at relative 
humidities of 50% or less, and the exposed filter is 
allowed to equilibrate to the same condition of 
dryness to avoid major moisture errors. 

When samples are collected under humid conditions, 
filters should be dessicated for a period of two to 
four hours and then allowed to stand exposed in the 
same general laboratory atmosphere as during tue 
initial weighing. 

Large chamber analytical balances are useful to 
avoid folding of the 8 by lO^inch mats, which are 
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usually used. Smaller sizes can be employed, but with 
reduction in airflows and limitations in capacity. The 
8 by 10 size has proven practical to sample even highly 
polluted atmosphere?? and still allow sufficient airflow 
to cool the blower--motor unit. 

Glass fiber filters allow the collected materials 
to be heated, incinerated, extracted, and otherwise 
analyzed for various constituents. Determinations 
can be made for organic content, carbon, minerals, 
of any other substance element or fraction. In 
relatively contaminated atmospheres, the collected 
sample is large enough for most laboratory analyses, 
and in less polluted environs, sampling times may 
be extended to secure sufficient material for special 
tests. 

Reactions between fractions of the deposited 
materials are not easily predicted or understood, 
but when highly reactive pollutants are present, it 
is reasonable to believe that important changes do 
occur. 



Benzene Soluble 
Organics 



Calibration 



An index known as "benzene soluble organics*' is 
used with high volume sampling. The organic material 
in the total collected sample is determined and used 
to estimate the contribution from incomplete fuel 
combustion. The organic fraction known as pciycyclic 
aromatic hydrocarbons is sometimes used to explore 
the possibility of cancer-producing characteristics 
of the collected pollutants. , 

High-volume samplers must be calibrated 
periodically in order to prevent gross errors in 
airflow measurements. At best, the usual practice 
of recording beginning airflows ^d a like reading 
at the end of the sampling period is somewhat crude. 
This technique assumes a Jinear and uniform deposition 
of particulates during the sampling interval. 



Membrane filters are useful for special ap- 
plications with the high-volume sampler. The filter 
backing plate support must be suitable to prevent 
fracturing and airflows must be high enough to cool 
the motor for the sampling period* 

Acceptable filtration sampling techniques suit- 
able for evaluation purposes are listed in the 
American Society for Testing and Materials (ASTM) 
Volume 23, Standard No. D2009. In addition to the 
comroonly-used high volume system, reference is also 



265 



ERLC 



f 



made to a miniaturized system utilizing small, 
Portable Sampling battery-powered pumps and small membrane filters. 

Several manufacturers offer such portable pumps with 
built--in flowmeters and rechargeable batteries. 
Some have sufficient power reserves to operate con- 
tinuously for eight hours with a small diameter 
membrane filter (usually 37 millimeters) before 
recharging. 

This miniaturized method requires careful 
selection of components to assure quantitative 
results. The filters which give best results are 
those that are relatively free from moisture ab- 

sorpt^ioa^aficc4^-^d-^«ai^ v4ny^l met^icel materials 

are recommended. Equilibrium by desslcation and 
exposure in the weighing laboratory atmosphere is 
necessary to avoid moisture errors. Even though 
the filter material is essentially free of significant 
moisture sensitivity, the collected materials cannot 
be so classified. 

The usual laboratory analytical balance is 
Electro-Balances unsuitable for miniaturized methods and an electro- 

balance is required to detect the small weight 
differential in this method. These balances depend 
on the principle of measuring electrical potential 
changes for their extreme accuracy. Deflections of 
a weighing beam attached to a sensitive galvanometer 
allows this type of measurement. A further advantage 
is their portability allowing their use in field 
surveys along with portable pumps. 

Small filter holders can be mounted integrally 
or attached to shelters which can be connected to 
the pumps with flexible tubing. The small volumes 
of air sampled do not allow the advantage of sub- 
sequent laboratory analyses of the collected 
materials. This shortcoming is offset by the 
advantage of sampling where electrical power is 
not available for the conventional high^-volume 
units. Another feature is the availability of 
results in the field, since samplers and gravimetric 
evaluation equipment (electrobalances) are portable 
and suitable for field use. 

Suspended particulates may be collected and 
evaluated by using a tape sampler and some device 
for reading or observing the tape after exposure. 
In the United States, the tape sampler developed 
by W.C. Hameon and his associates is known as the 
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Tape Sampler AISl (American Iron and Steel Institute) sampler. I 

Other tape samplers are available in similar design 
and function. 

Paper tapes are fed 
through a sampling head 
to provide for successive 
exposure areas and auto- 
matic changing to unexposed 
sections. A uniform cro^ss- 
section of the tape is 
exposed by clamping in the 
head which is connected to 
aj^~aTf~pump which" draws "a^ "^ 
chosen volume of air 
through the tape- Variable 
timers are generally in- 
corporated in the sampler 
to allow a selection of the 
sample volume per exposed 
area. Timers can be adjusted, usually from a few 
minutes to about four hours, and at the end of the 
pre-set period the tape is automatically advanced 
for the next sampling iqterval- Tapes are available 
to allow continuous sampling for several days even 
with reasonably short individual collection periods. 

Optical Analysis Analysis is usually optical, by which deposited 

materials art examined and compared to some scale. 
Two additional methods are common, reflectance and 
transmittance- Reflectance can be measure'^ with 
photometric devices and, in most cases, will provide 
a means for determining the nature and amount of 
deposit. When light-colored dusts predominate, the 
amount of deposit cannot be accurately determined 
by reflectance techniques, since this property may 
be increased rather than diminished when materials 
such as magnesium oxide are sampled, 

Transmit tance measurements are made by measuring 
Ihe light passing through both filter and deposit and 
comparing with transmittance through a clean portion 
of the filter- Transmittance measures a function of 
all particles collected, while reflectance measures 
the blackness of the deposit- Relationships of the 
two methods are not always comparable- 

Particulate pollution is usually not light colored 
in urban areas and the relative amount of suspended 
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Sampling Errors 



Soiling Ind x 



Coefficient of 
Haze 



material can be evaluated visually, by reflectance 
and by transmittance with fair correlation. 

Difficulties prise in relating transmittance and 
reflectance measurements to quantities and numbers of 
collected particles. The penetration of material in 
the filter influences reflectance readings and 
transmittance cannot be relied upon to indicate 
whether continued deposits are on already-collected 
particles or lodged in pores and gaps, thus 
increasing bulk but not thickness. 

The small cross-sectional area makes constant 

-samfxl-ing— c^at^-dif fi4^ul4;^ -tO-Hacbi^VB-J^ 

or heavily-polluted areas. This may be overcome 
somewhat by selecting short-term cycles between 
individual samples. 

The determination of soiling index as a measure 
of particulate pollution is possible with respect 
to reflectance and transmittance measurements. 
Black smokes and soot create aesthetic and material 
damage problems. They are not readily evaluated 
by gravimetric methods since a black filter with a 
thin layer of smoke may not exceed a total weight 
per volume standard, even though it is the result 
of a very dirty, smoky ^^atmosphere. Soiling index 
standards are useful to\ evaluate such conditions and 
tape samplers are the best known devices to give 



accurate data. Soiling 



index standards are usually 



expressed in coefficient of haze units which is 
related to optical density. 

A coefficient of haze unit is defined as the 
quantity of particulate^naterial which produces an 
optical density of O.Ol'^hen measured by trans- 
mission of light at AOO millimicrons when coii5)ared 
to a light transmission of dust-free filter paper 
taken as 100%. Airborne smoke concentration is 
expressed in terms of the number of Coh units per 
1,000 linear feet of air drawn through the filter 
tape. 

The ASTM (American Society for Testing and 
Materials), Designation D1704-61 procedure is based 
on the use of an automatic tape sa<H)ler with trans- 
mittance or reflectance measurements on the sample 
spot. A parallel high-volume sample taken in the 
same atmosphere is evaluated gravimetrically for the 
mass of particulates. 
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Sampling for Sulfur Dioxide . 



1. Pararosaniline Method . Sulfur dioxide in air 
is almost universally measured by the pararosaniline 
method described in the Federal Register Volume 36, 
No. 84, April 30, 1971, Appendix A. 

In this procedure, sulfur dioxide is absorbed 
from the air in a solution of potassium jfcetrachloro- 
r ,rcurate (TCM) . Drawing atmospheric air containing 
SO2 through this solution results in the formation 
of a complex known as the dichlorosulf itomercurate 
complex. This is a stable complex which resists 
oxidation by airborne oxygen and can be retained 
and~~f eacte^""t)y paraTcTsaTil^lllii^'^Tid f^mnaMehjde " " 
to form a colored solution of pararosaniline methyl 
sulfonic acid. This solution can be measured" 
spectro-photometrically to obtain quantitative 
results of the original aspirated air sample. 

This method is applicable for measuring ambient 
air for relatively long time periods, us)Jally up to 
24 hours. 

Concentrations from 25 to approximately 1,000 
micrograms per cubic meter can be measured. The 
lower limit of detection using 10 milliliters of 
TCM is about 0.75 micrograms per cubic meter of air. 

After collection, samples are considered stable 
and at about 22 degrees centigrade, losses' of one 
percent of sulfur oxide per day will occur. If 
solutions can be stored at 5 degrees centigrade, 
no detectable losses of sulfur dioxide occur. 

The sampling apparatus is described in detail 
In the Federal Register and consists of ^ basic 
bubbler sampling train with glass Implngerai preceded 
by a membrane filter no teroove particulates and a 
hypodermic needle which functions as a limiting 
orifice for accurate airflow control. A trap, 
flowmeter, and suction pump completes the sampling 
train. Figure 15-1. 

Th^ flowmeter and hypodermic flow limiting 
device must be calibrated by a laboratory precision 
wet test meter or some equally standardizer". flow 
measuring device. 

A calibration curve procedure and tcct solution 
may be prepared by using a sulfite solution or 
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Figure 15-1 
Particulate Sampling Train 
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permeation tubes as described in the Register. 



2. Conductivity Methods > Various conductivity 
instruments are available wnich draw measured volumes 
of air through an electrolytic solution contained in 
a cell which is connected to a recording circuit 
measuring changes in conductivity from the resultant 
chemical change. This general reaction is described 
in the American Society for Testing and Materials 
Method EH1355-67 and typical instrumentf^rion is 
listed which utilizes this method. Flow races are 
chosen to give wide ranges of sensitivity and 
absorption efficiencies for these devices. 

3. Lead Peroxide Candle Method . In 1932, an attempt 
was made in Great Britain to provide an index of 
activity for SO2 by measuring its effects on metals, 
buildings, and fabrics. The resulting technique .was 
the lead peroxide (Pb02) method which is based on 
measurinr, sulfation caused by gaseous SO2 in ambient 
aii' by exposing lead peroxide paste. This method is 
somewhat analogous to the sampling of particulates 

by the dustfall method because it does not require 
power and .an be left unattended for long periods of 
time. 

A detection ''candle" Is prepared by covering a 
glass cylinder with gauze which is coated with ti e 
reactive reagent paste. This paste Is prepared by 
dissolving 8 grams of lead peroxide in about 5 milli- 
liters of gum tragacanth solution prepared by dis- 
solving the gum in ethyl alcohol and diluting with 
distilled water. The candle is then exposed by 
placing it in a l(iuve*"ed shelter to protect the 
prepared surfaces .'^ '^m rain and high wind effects. 
A time period or 30 uays is usually chosen, depending 
on the levels being measured and the weather con- 
ditions. After exposure, the candle is stripped of 
the reactive material with sodium carbonate and a 
standard gravimetric procedure is used to determine 
the amount of sulfate. Results are reported as 
milligrams of SO3 per 100 square centimeters of 
lead peroxide per day. 

Ivliile this method cannot be interpreted to give 
the same degree of precision as the absorption train 
or conductometric methods, it is convenient to 
determine general SO2 levels where the more com- 
plicated sampling methods are impractical. 
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Definite relationships between emission and 
area concentrations can be secured if site selection 
^ is carefully done and if the precision capabilities 

are known and considered. 

The lead peroxide method is a standard reference 
method described in Part 23 of the Standard Methods 
published by ASTM. 

Miniaturized 4. Miniaturized Method * A more compact method was 

Method developed by Mr. Norman Huey in 1968, utilizing a 

plastic petri dish 48 mm in diameter, suspended in 
an inverted position with the open side facing 
downward. The inside surface of this dish is 
coated with the lead dioxide material, along with 
glass fibers to prevent loss of reactive surfaces. 
Mr. Huey reported that the plates were 19 percent 
more reactive than conventional candles and w^th 
significantly less deviation between exposed plates 
than was found to exist between simultaneously- 
exposed candles. 

The Huey plate method offers distinct advantages 
in easier transport of prepared units and a more 
simple exposure mechanism in small-angled brackets 
or holders which can be attached to power poles, 
buildings, or other vertical surfaces. The petri 
dish can serve as a shipping container.' Low cost 
of disposable dishes and simplicity of design and 
sampler placement has made this modification of the 
conventional lead peroxide universally popular in 
regulatory and survey programs. 

Non-Dispersive c. sampling for Carbon Monoxide . 

Infrared Method 

1. The Non-Dispersive Infrared Method . The non- 
dispersive infrared method (15-1) Is based on the 
absorption of infrared radiation by carbon monoxide. 
A laboratory or portable spectrograph Is required 
and a radiation source is used to produce energy 
in the infrared region. Parallel energy beams are 
directed through reference and sample cells. 
Instruments; are available to measure carbon monoxide 
in the range from 0 to 50 parts per million in 
ambient air. 



(15-1). Appendix C, Federal Register Volume 36, No. 84, 
April 30, 1971. 



272 



2- The Iodine P entoxide Method . The iodine pentoxide 
method (15-2) involves the use of relatively sophis- 
ticated laboratory equipment and is not considered 
applicable as a portable or in-field method. This 
method depends on the reaction between carbon monoxide 
and iodine pentoxide at approximately 140 degrees 
centigrade to produce iodine vapor and carbon dioxide. 
The measurement of CO in the sample may be determined 
by measuring either the carbon dioxide or iodine vapor. 
This method is successful only with interfering 
substances such as water vapor, aldehydes, unsaturated 
hydrocarbons and other organic compounds removed. 
These interfering substances introduce errors by 
their reaction with the liberated iodine or the 
iodine pentoxide. 

Continuous recorders are available which utilize 
an iodine pentoxide tube with appropriate temperature 
control and photometric system to estimate absorbed 
iodine. Other recorders utilize an electrolysis * 
detector cell with a colorimetric evaluation of the 
liberated iodine. 

3. Colorimetric Methods ^ Colorimetric methods have ^ 
been in use in occupational health work for many 
years to detect relatively high levels of carbon 
monoxide in workroom atmosphere, A direct-reading, 
dry-chemical tube Containing palladium sulfate ana 
ammonium molybdate is used in a portable squeeze 
bulb tester. The granules are contained in a sealed 
glass tube which is broken before the test is made 
and attached to a calibrated orifice and a suction 
bulb or pump. A carefully metered amount of air is 
aspirated through the reagent which reacts to carbon 
monoxide by changing fiom light yellow to dark green. 
The intensity of : lie color change is compared to 
appropriate .olor charts for a quantitative reading. 

Interferences ..oisture is absorbed by drying agents in the 

tn^e, buL very damp atmospheres will cause erroneous 
reading^s where large quantities of air must be sampled 
in low concentrations to give readable results. 
Acetylene, ethylene, and propylene give positive 
interf eroaces. Serious errors also result in 
temperatures below 65 degrees Fahrenheit- 



(15-2). Air Pollutic^n, Volume 2, A.C. Stern, Academic 
Probs. 
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Limitations Carbon monoxide levels may be accurately estimated 

by the indicator tube method. Field comparisons of ^ 
the infrared and detector methods in 1966 by Hochheiser 
and Santner (L5-1) indicate that measurements must, 
consider influences of temperature, humidity, and 
other interfering substances before the two methods 
could be considered directly comparable. 

d. Sampling for Hydrocarbons * 

Gas Chromatography Gas Chromatography > The most successful and accurate 

method for quantitative hydrocarbon analysis is the 
gas chromatograph. In this method, provision must 
be made for passing carbon monoxide and methane 
through the column for eluting and evaluating 
separately. This procedure is necessary to avoid 
high results and an erroneous comparison with 
standards which exempt methane. 

Since carbon monoxide is combustible, it would 
lead to positive errors if not evaluated separately. 
Equipment manufacturers are developing applicable 
columns and transportable units to allow measurements 
of hydrocarbon levels in field studies. 



A /detailed discussion of the chromatograph method 
is contained in the Federal Register applicable to 
hydrocarbon measurements (15-2), 



Sampling for Oxides ' of Nitrogen . 

Sdltzman Method The Saltzman Method, The Saltzman Method (15-3) is 

considered applicable for detecting levels of nitrogen 
dioxide (NO2) over a range of a few parts per billion 
to approximately 5 parts per million. The sampling 
train consists of a fritted glass bubbler, flowmeter, 
and suction pump. The absorbing solution is prepared 
by dissolving 5 grams of sulfanic acid in water con- 
taining 140 milliliters of glacial acetic acid. This 
solution is then diluted to one liter after adding 
20 milliliters of 0.1 percent N- (l-napthyl)-ethlene- 
diaminedihydrochloride. Handling of this solution 



(15-1).' Field Comparison Methods of Measuring Atmospheric 
Carbon Monoxide. Hochheiser and Santner, A/nerican Chemical 
Society, 152nd National Meeting, New York, September 1966. 

(15-2). Federal Regi^^ter Volume 36, No. 84, April 30, 1971, 
Appendix E. 

(15-3). B.K. Saltzman, Analytical Chemistry 26, 1949 (1954). ' 



should be done with minimum air contact to avoid dis- 
co h^rat ion hv absorption of ni'tropon dioxide from 
the air. 



Colorimetn'c 
Evaludtit)n 



The absorbing reagent is piaced in the fritted 
glass bubbler and air is drawn through at a maximum 
rate of O.A liters rv^r minute until a definite col^-^r 
is developed. The exact amount of air must be 
careful ly recorded. Development of the red-violet 
color is complete in about 15 minutes at ordinary 
temperatures. 

The deveh^ped color may be evaluated by visual 
comparison with stafndards or read in a spectrometer 
at 550 millimicrons wave length, using unexposed 
reagent as a reference. Colors are relatively stable 
if stoppered in closed tubes with a usual absorption 
loss'of about 3 to 4 percent per day. 



EPA Method 



^' Sampling for Ozone and Oxidants . 

1. Chemiduminescent Method s A leference method for 
the measurement of photochemical oxidants in the 
atmosphere is outlined in detail in the National 
Air Quality Standards published by the Environmental 
Protection Agency (15-4). 

This is a chemi luminescent method winch is 
corrected for nitrogen oxide and sulfur dioxide 
interferences. The ambient air and ethylene are 
drawT> through a mixing zone where ozone and ethylene 
react to form eroitted light vlach is then recorded 
by a photo multiplier tube. The resulting current 
is either read directlv or transmitted to a recorder 
display. Several commercial models of ihis system 
are available with minor variations of design and 
configuration. (15-5)e 



Manual Method 



^' P^^ t.assi um Iodide Meth od (15-6). This is a manual 
method which can be utilized for the measurement of 
tc^tal oxidants including -^zone in concentration.- of 
a few parts jf^r billion t about 10 partK per million 



(15-4). Federal Refxi^tt-r V(^lilm^ 36, 



84, Apri [ 30,. 1971. 



(15-")). Photochemioal Oxidants- and 
2, U.S. KPA P'.: I ication Nn. AP-88. 



Air .Pollution Parts 1 and 



(15-^0. Air IN'iiutiu^, A.C. Pte^n, V.M . 2, 1968 Academic Press 



ERIC 



• 



X Midget ' • Sampling is accomplished by using a calibrated 

Impinger air pump. ' ^wmeter and glass midget impingers con- 

taining c e percent potassium iodide in a neutral ^ 
buffer of 0.1 Molar disodium hydrogen phosphate and 
J* 0.1 Molar potassium .dihydro gen phosphate. During 

sampling in ambient, air containing oxidants, a 
liberation of iodine occurs in the absorbing reagent. 
Analysis of this solution should be completed within ' 
, an )iour after sampling. 

^ The absorbing reagent is prepared by * dissolving 

13.61 grams of potassium dihydrogen phosphate, 14.2 
grams of anhydrous disodium hydrogen phosphate, and 
10.0 grams of potassium iodide diluted to. one "liter. 
It, is recommended that this reagent be allowed to 
stand for 24 hours at room temperature before use. 
Storage in brown bottles at low temperatures is 
recommended. 

Standard iodine solution consists of a 0.05 normal 
•potassium iodide solution prepared by dissolvirg 16.0 
grams of potassium iodide and 3.173 grams of iodine 
in distilled water made up to 500 milliliters voluj^e. 
This solution should also age -for about 24 hours ^ 
before use. If desired, this solution may be 
standardized by titration with the usual sodium^ 
thiosulfate-starch method. 

Sampling periods of 30 minutes or less at a flow 
rate pf about 2 liters per minute should allow adequate 
sampling for analysis. During sampling, direct sun- 
light exposure to reagents should be avoided. Dis- 
tilled water may be used as a reference and the 
exposed reagent solution can»be evaluated colori- 
metrically at 352 millimicrons abscrbance. 

8* Other Pollutants . OtHer contaminants besides the 
six so-called' major ambient pollutants are of importance, 
depending on special considerations such.-as geographic 
conditions and occurrence from special sources. Acid 
mists, hydrogen sulfide, fluorides, aigjaonia, asbestos, 
mercury, beryllium and radioactive materials must be 
considered, evaluated, and controlled in such areas 
of interest. 



3. Source Monitoring Source monitoring LS an important pari, of air quality 
Techniques measurenteut. Ambient oi area mea'^;uiei;5eni:s are useful in 

determfning overall quality, and while most of the effects 
of air pollutants are related to ambien^ exposure conditions, 
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the ifelatlonship of ambient point source emissions often 
1 Vannot be accurateiy made from general air sampling alone. 

Ambient Maximum gro\ind--level concentrations of an emitted pollutant 

Sampling usually require measurements outside the plant premises. If 

several sources are located within a small area, fhe relative 
contributions from individual points of emission are difficult 
to estimate from ambientr data alon6. In 5ome - instances where 
emission points are spaced sufficiently apArt, wind direction 
controlling devices are i^efuf. These devd.ces employ a wind 
^ vane actuating system to activate samplers only when the wind 

is blowing from a pre-selected area of interest. This same' 
device can he. used to establish background pollution levels 
^by selecting quadrants from which there are no emission sources. 

Emission * Multiple sources in crowde.d industrial areas cannot be 

Sampling successfully evaluated without point source or emission sampling. 

This meaps that a method must be designed to quantitatively 
collect samples of emitted materials at or near their origin. 

There are several purposes of source testing. Operation 
of control equipment must be checked for compliance with 
applicable standards. Federal regulations (15-7) require all 
states "to provide for monitoring the status of coii?)liance 
for any. rule or Regulation. " ' This Register also requires 
every state to "establish a system for detecting violations 
of rules and regulations through the enforcement of appropriate ' 
visible emission limitations." 

Various sampling trains have been devised to collect 
airborne samples from stacks and ducts. Gases may be sampled 
with conventional probes which traverse the duct area at 
sufficient points to assure representative velocities and 
concentrations. However, when sampling particulates greater 
than a few microns in diameter contained in an emitted stream, 
care must be exercised to adjust the system to ^ecure 
representative samples. 

Isokinetic The sampling raust be conducted so the flow rate at 

Sampling entry to the sampling probe is at "the same velocity as the 

main gas stream. This is called isokinetic sampling (15-8). 

When the velocity in the probe is different from that of the 



I 



(15-7). CFR Title 40, Section 5i.l9, Source Surveillance. 

(15-8). Maintenance, Calibration and Operation of Isokinetic 
S ource Samplin;^ Equipment. U.S. EPA Publication APTD-0576. 

/ 
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main stream, the size distribution and total weight concentration 
of the collected particulate matter will be different from those 
in" the duct or stack. This is due to the mass and velocity 
characteristics of the particles which cause loomentum effects. 
At sampling velocities less than the duct velocity, all large 
particles in the probe cross section will be projected into - 
the probe lyiening, while a portion of the air or gas in the 
stream will be deflected around the sampler probe. This 
results in a sample entering the system that contains more 
large particles than are representative of the san^Dled stream. 
Additionally, the weight will be greater due to the dis- 
proportionate number of large particles so Collected. 

When sampling velocities are greater than the main^duct 
velocity, all the air in the stream intercepted by the probe 
inlet will be sucked into the sampler, plus some additional 
air from the probe area inlet. When air is drann fvgm outside 
the intercepted stream tube, smaller particles will follow 
curved streamlines into the probe, latger particles, due to 
their inertia, will not be drawn in. This results in a 
collected sample with fewer large particles than the main 
stream being sampled, and a total weight concentration' of 
particulate matt-er which is less than representative. 

The streamline effects of improper and correct flow rates 
are shown in Figure 15-2. Whenever the velocity into the 
sampling probe is different from that of the main gas stream', 
the sampling is said to be anisokinetic. ^ 

In order to assure uniformity of sampling by official 
agencies, the U.S. Environmental Protection Agency has 
approved and specified a collection train system which' is 
described in detail in Title 40, Method 5, Part 60, Standards 
of Performance for New Stationary Sources, Siction 60.42. 
'The basic elements of this system are shown in Figure 15-1. 

/ 
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A ISOKINETIC SAMPLING, CONCENTRATION^ AND 
GRADING REPRESENTATIVE 




B SAMPLING RATE LESS THAN ISOKINETIC, 
EXCESS OF COARSE "PARTICLES 




GREATER THAN V^T" VELOCITY V 



C SAMPLING^RATE 'GREATER THAN ISOKINETIC 

DEFICIENCY OF COARSE PARTICLES 

* • 

Figure 15-2 
Streamline':' Around n Sampling frobo 
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Probleins: 

1. What is'the difference between ambient anchsource 
monitoring? Which has the more restrictive standards? 

2. Secure^'the use of High- Volume (Hi-Vol) sampler 
(contact sti^te or city air pollution division) • Measure 
che particulate matter at a nearby site for ?4 hours. 
Check flowrate and compute ambient particulate con- 
centrations. Consider a normal human uses 7500 liters 
af air a day (breathed in and rut), and compute the 
weight of particulates inhaled daily by you. 

3. Do all of these particles enter your lung? ^y not? 
How could /ou decide how much does enter the lung? 



\ 



. 16 

SURVEILLANCE NETWORKS 



METROPOLITAN 
.NETWORKS 



It has been said that monitoring is not a substitute for 
action. ^However, in order for action to be ©ost effective, 
knowledge from adequate monitoring is a basic requirement. 
There are difficult decisions involved with choosing appro- 
priate environmental indices for data requirements. Many 
monitpring systems are. already^ in existence and are recognized 
as inadequate. The coverage afforded, ^geograpjiically and with 
respect to the many existing pcfllutants is not complete. .Many 
systems l\av§ sensors which ark inaccurate or improperly cali- 
brated, so that measurements cannot be compareid with other 
locations. 

During 1970, the National Council on Environmental 
Quajity reported that there were some 56 major monitorine 
prograias located in 16 different federal agencies. (16-1; 
The federal government monitoring programs were estimated hy^ 
the Office of Management and Budget (OMB) to cost approximately 
^0 million dollars during fiscal ^ear 1971. This figure does 
not include any monitoring and surveillance activities by 
' state and local governments, private researchers, contractors 
or industries. [ ^ 

Th^se existing efforts and the cjif ficulties of securing 
good information do not minimize the*need io continue to make 
every reasonable attempt to collect and analyze environmental 
data. 

Gauges on national' air* quality must be collected. ' The 
status and trends^of such quality must be known in order to 
direct intelligent attention and effort toward cpntrol and 
.improvement. 

f Urban centers are' the main targets for air quality im~ 
provement programs. Two eastern states. New York and ifew 
Jersey have been successful in lowering sulfut oxide and 
particulate emissions in certain urban areas by strict' en- 
forcement programs. The urban levels weje reduced, relocatLon- 
ed and de-centralized industrial siting resulted, but the 
lotal weight of emissions continued to rise* o'utside these 
areas. If sampling stations were located only in the central 
city areas, these trends or results would not have become 
apparent and overall air quality would have been assumed to 
be better. y 



(16-1) The Second Annual Report of the Council on Environ- 
mental Quality, August 1971". U. S. Printing Office. 
Stock No, 4111-0005. 
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The Importance of monitoring site selection in any 
)commun:'ty or state cannot be over emphasized. The early 
National Air Sampling Jletwork (MSN) stations were gexverally 
* located in central city areas. Most state and local sampling 
4^rogranis were begun to detect effects of major pollutant 
' sources. Thus, the state^^H local data showed more con- 

tamination than the NASN data and direct comparisons were 
not valid. 

EMERGENCY All stated are required to Institute episode emergency 

PLANS procedures to prevent ambient pollutant concentrations at 

any location ?rom reaching levels which would endanger the 
health of persons. For this purpose, each source emitting 
100. tons per year or more of particulates must be identified 
and subject to a control plan to reduce emissions during 
episode conditions. 

Monitoring of such emissions must be often enough to 
^determine whether the incident is so persistent that control 
measures are warranted. Serious economic inqpacts result from 
faulty decisions and plant shut-,>iacks or work stoppages. The 

^ resulting disadvantage of such curtailment measures must be 
carefully weighed against the air monitoring 4ata. Close 
liaison with weather stations regarding air stagnation ad-- 
visories must be maintained, sa that emergency procedures can 
be timed to be no more or Tess restrictive than is necessary. 
Frequency of sample collection and analysis is critical during 

^ episode conditions. Guidance must be gj.ven for decisions 
so that additional cut-backs can be instituted or the 
restrjlctions lifted entirely, depending on trends of the 
recorded levels. 

IMPACT The- National Environmental Policy Act (NtPA*) contains 

STATEMENT^ provisions for environmental impact statements. This limi- 
tation is imposed to prevent construction of facilities or / 
systems which would seriously impair the best use of the 
environment-. Certain federal agencies now require such 
statements to be, submitted and approved before construction 
is allowed. Background data are useful to establish the 
existing quality so that changes can be calculated. 

PERMITS * Certain new sources must secure permits before con- 

struction of facilities which have a potential for exceeding 
^ applicable air quality standards. On December 23, 1971, a 

Federal Register was, adopted (16-2) which ^imposed such" 
limitations on fossil fuel-fired steam generators, large in- 
cinerators, Portland cement plants, nitric acid plants and 
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(16-2) Federal Register, Vol. 36; No. 247. December 23, 1971 
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sulfuric acid plants, 
aster t^^-*^ was t 



INDIVIDUAL 
SITE NETWORK 
SYSTEMS 



AREA . 

MONITORING 

LIMITS 



On June 11» 1973 another Federal 
Register ^^^-'^ was proposed for seven more source categories. 
These stationary sources include asphalt concrete plants, • 
petroleum refineries, petroleum storage facilities, secondary 
lead smelters, brass and bronze production, iron and steel 
plants, and sewage treatment plants. 

The new construction limitations include requirements 
that alL such sources provide monitoring capabilities to assure 
continued^acceptable operation after s^tart-.up. Source testing *\ 
and monitoring are specified in some instar es and in others 
certain options are allowed. ^ 

Sampling networks having various degrees of sophistica- 
tions are being established by sources themselves to assure 
compliance with control strategies. As a minimum, wind , 
direction and velocity readings are usually taken to correlate 
with whatever ambient collection is applicable. For particu- 
lates, dustfall and high volume samplers are generally sit- 
uated in surrounding environs at varying distances from the 
source. ^ 

With the increasing emphasis on nondegredation' policies, 
results of existing air quality are critically important to 
be able to calculate significant departures from*such levels. 
The fiunount of allowable degredation in various areas is an 
item of national concern due to court actions to prevent 
degrading of^ existing high quality environments. 

Networks of samplers must.^e -located in undeveloped i 
regions for a sufficient time span to give meaningful and 
accurate results for these decisions. Seasonal vaiciationa, 
weather changes, etc., must be considered before a 'Studied 
judgement can be made on the capacity for such airsheds ^o 
accommodate industrial and municipal growth. ^'Most authorities 
agree that the non-degredation concept is not a cessa'tion of 
all development, but a carefully planned,* long-term weighing ^ 
of environmental values so that benefits and risks will be 
properly considered, i 

Often sampling station locations are already determined 
by political boundaries or regions of jurisdiction. In 
some c^es, laws or standards will *specif y ambient measure- 
ment boundaries or will exempt private properties from 
application of limitations. When observable effects of the 
pollutant are defined by area limits, certain, ^sampling 
decisions can be made. It is not always advisable to limit 

(16-3) Federal Register, Vol. 38; No. 111. June 11, 1973 
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METEOROLOGICAL 
TOPOGRAPHICAL 



GRIDS 



GEh/ERAL , 
REQUIREMENTS 



monitoring to areas within boundaries of known or observed 
effects. It may be equally important to secure borderline 
or outside background da^a to give comparisons with the 
affected zone* * ' 

Terrain features are vital considerations since many of 
the disasters associated with air pollution have occurred in 
valleys where.-ptiy^sical characteristics prevented adequate 
dispersal, of contaminants.* Episode networks should include 
such: drainage areas, Especially if meteorological and source 
location i^atures are situated so that emergency conditions 
could occur. Knowledge of prevailing winds, temperature^ arfJ 
lapse rates are useful in astabj^ishing specific sampling 
locations and the interpretation of'data collected near point 
sources . » 

The planning of sampling points by artificially, imposed 
boundaries or grids may lie. useful for some purposes. Land 
use planning by counties, municipalities and other sub- 
divisions may require acquisition of data for site selection ' 
and building limitations. Point datk from uniform grid 
locations lends itself to systematic graphic illustration of 
re^ults^ which is sometimes important aid in explaining or 
interpreting results. Concentration contour lines can be 
drawn if grids are chosen to give .^dequata plottllbg points 
and such information can be superimposed as topographical .or 
meteorologieal maps. * 

Sampling site selection introduces several factor^ 
which may require compromises from optiimim layouts. Avail- 
ability of support facilities, logistics of supplies and 
accessibility may require major adjustments from simple 
prograq^ and orderly plans. Power supplies for continuous 
recorders, pumps,' heaters, etc. j are often lacking in remote, 
areas. Portabl'e generating units or battery powered devices 
are available, but- sampling rafes and frequencltes may need 
to be adapted to accept such equipment. . 



Access roads are sometimes nonexistent on all sides of 
some point sour.ces, so that allowances must be made for in- 
creased distances or authority and permission may be 
necessary to traverse private properties to establish suit- 
able sites. ^ 
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DATA 



information collected from testing and monitoring must 
be handled In such a manner that the original usefulness and 
applj^catlon are retained ^ntll a final result Is achieved. 
Even after control is secured for a single problem, the In- 
formation cannot be discarded and forgotten* Considerable 
attention Is being directed to establishing data resource 
books and retrieval systems which allow continued use of 
such information. 

Statistical summaries are useful to document area-wide 
and national * trends. These facts can then be utilized to 
concentrate efforts where air quality deterioration is noted 
and attention can be withdrawn from other areas to more 
effectively utilize limited monitoring resources. 

Tl;ie usefulness of air quality data is directly related 
to its availability and its reliability.^ Information produced 
in^ a monitoring network or at a single station must be reduced 
to usable form from the raw data. In small systems where 
manual analyses of single samples are perform^'d, the laboratory 
or field readings are the basic data unit. The usual handling 
of this information is to prepare a survey report or evalua- 
tion wnich describes the calculated results and, in most 
cases, gives some opinion as to the expected impact of the 
pollutant level. This impact may be an unfavorable comparison 
with, an official standard or regulation and, as such, should * 
clearly outline the relative in5)ortance of the findings. Th^s 
is sometimes called an instantaneous value of the data, but 
it is not usually the only value which should accrue from 
its collection. If correction or enforcement is indicated, 
clear decisions cannot usually be based on single samples or 
a few results.. The short-term u^e df monitoring data is 
usually for determining relationships between point sources 
and the quality of the atmosphere. Two problems may be in- 
volved. Identifying an unknown source of a known^ contaminant , 
and finding the effects on air quality by a known source. 

• The Federal EPA has established a system for Storage 
and Retrieval >f Aerometric Data (SAROAD) (i6-A) which gives 
station codes ar\d site identification for all permanent 
sampling- points which ate established in state and local air 
pollution control programs. Every city with a population 
of 2,500 or more has been listed and* given an identif 5 cation 
number, which is used to report network results as required 

(16-4) SAROAD Coding Manual. U. S. Environmental Protection 
Agency, Office of Air Programs. Publication No» APTD-0907. 
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REPORTING 
REQUIREHENTS 



PUBLIC 

AVAILABILITY 



AUTOMATIC 
SYSTEMS 



All siiatas are required to maintain a minimnD number of 
air quality detection stations for the six pollutants for ^ 
which n^tidnwide standards are established. The exact require- 
ments ar^ based on priorities of each air quality control 
region which has been designated by the EPA, and depends on 
population and existing air quality* (1-6-5) ij^j^^ data collected 
from these stations are collected and reported quarterly on 
SAROAD forms/ which allow handling by the data bank maintained 
by the EPA. Samplers are located by the Universal Transverse 
Mercator (UTM) grid coordinates. This network is designed to 
provide air quality monitoring during 'air pollution emergency 
episode stage and must be capable of indicating when pollutant 
(Ancentrations have reached, or are approaching^ episode or 
emergency levels.' 

Federal laws ^^^^^ require that emission .data be made 
available to the public. Only special information that can 
be considered to be confidential and which upon release 
**vould divulge methods or processes entitled to protection 
as trade secrets** is exeinpted. 

The Committee Report on Public Works of the United 
States Senate contains a strong statement in this 

regard. This document says **The Committee believes that the 
puMic right to know what is being emitted overrides the 
proprietary character of such information.** 

This requirement imposes grave responsibilities for 
accurate development and interpretation of monitoring infor- 
mation. All surveys and monitoring efforts should be per- 
formed in such a manner that public scrutiny can be tolerated 
and the collected information will b& able to be used 
legal purposes if necessary. ' 

The most advanced and sophisticated data communication 
systems consist of telemetering devices tp transmit informa- 
tion to ^ central location for input into a reduction system 
or display. Radio or land^ lines can be used for transmission. 
These are expensive systems and the advantage of telemetering 
must be great enough to warrant their use over more convention- 
al methods such as mail, messenger or phone. 



(1^5) Code of F<iideral Regulations. 
Section 51.17. 



Part AO, Chapter 1, 



(16-6) Public Lay 91-604. December 31, 1970. section 114(c) 

(16-7) Report of the Committee on Public Works. U. S. Senate, 
No. 11-J196. September 17; 1970. 
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Automatic recording devices can be maintained at various 
sites aside from the /ifelemetfering capability and, unless the 
speed of reporting is a sajor factor, the usual physical 
scanning, collecting and processing may be adequate. 

Some- telemetering systems are limited to alarm or emer^ 
gency warning signals. This can be useful to inform collectior 
centers that additional sanpling or more definitive monitoring 
is needed to describe the problem. Methods of checking and * 
maintenance are necessary to assure reliability and prevention 
of false alerts. ^ -f ^ • • 

Statistical handling if monitoring data is important 
when adequate numbers of samples warrant such 'manipulation. 
This is useful, not only to predict, describe i^nd plot trends, 
but to determine reliability and signi. *cance of results. 
Wide variations may be lost or given a.iciae Attention' unless • 
a reasonable statistical test Us made to establish ;:heir 
validity. 
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Problems; 



!• Visit a large metropolitan area and contact the air 
ppllution division, Obtaig information on all city 
monitoring programs, including alert status vequirements. 
Are monitors robot or grab type? Is information tele- 
metered for analysis and evaluation? How reliable arc 
the data? 

2. Write a short report on your city's air pollution 
monitoring and surveillance systems. What programs are 
being planned for better pollution monitoring and 
abatement? 
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OCCURRENCE AND DLTECTION OF ORG/\NIC PESTICIDES 
IN OUR ENVIRONMENT 



INTRODUCTION 



CLASSES 



D 1 5"^^ I BIT I ON 
AND 

OCCURRENCE 



Much concer^i has been expressed In recent years about the 
contamination of our environment with organic pesticides. 
There are charges and indictments of thin egg shells, induce- 
ment of cancer in man, wholesale destruction of wildlife, 
teratogenic and mutagenic 4^fects, etc. '^ew of these charges 
have been proven for man but the effects on wildlife have been 
documented quite well. * Organic pesticides * and. herbicides, .no 
doubt,' may be found in several phases of our environment. It 
is, however, the significance and the level of occurrence that 
is controversial about these chemical toxican(.s. One of the 
major difficulties with assessing the environmental damage 
from pesticides and herbicides lies with their, analytical 
detection and confirmation. Much of the charge about the 
world-wide distribution of the chlorinated hydrocarbons, for < 
example, has been tnade out of false analytical information. 
There are iKany naturally-occurring substances and artifacts 
that give positive answers as pesticides. It is imperative 
thai the presence of a pesticide in any environment should be 
confirmed analytically before an indictment is offered. This 
chapter discusses the occurrence and distribution of organic 
pesticides in the /arious environments of man and how to 
detect and to confirm thoir presence; 

There are many systems in which .these chemical compound^ 
may be cla.s3ified, organized, or typed. The most common is 
by use or by target: i.e., insecticide, miticide, nematocide, 
rodenticide, fuuf:icide, herbicide, etc. All of these "-cides" 
may bo placed under the inclusive term - pesticides. An , 
alternative classification is by their chemical nature. i*e., 
organic, inorganic, chlorinaled hydrocarbons, organcphosphates, 
carbamates, etc. A summary of the more important classes 
appears in Table 1. More and detailed intormation concerning 
uses, toxicivy, physical and chemical propertieb:, chemical 
structures, t^tr,., may be found in references (1, 2, and 3). 

Perhaps ve should begin with a discussion of the 
distributiCR and occurrence of organic pesticides in the 
hrdies of huttcaikind. Certainly, human.*? are not an emiangered 
species with respect to the pesticide as alleged by some 
r-nvironmentaXists. We are, however, considered as tht 
principal tar[;et for various environmental insults and we 
ar«3 at the apex of the food chain pyramid. Most of the sur- 
veys for the bodT harden content of pesticides have been 
conducted in the bnlted States and Great Britain. Some of 
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TABLE 17-1 
CLASSES OF ORGANIC PESTICIDES^ 



A. Chlorinated hydrocarbons 

1. Class I: oxygenated compounds 
Dieldrin, methoxycMor , endrin 

2. Class II: benzenoid, nonoxygenated compounds 
BHC, DDD(TDE), DDT, perthane 

3. Class III: nonoxygenated, nonbenezoid compounds 
*Aldrin, Chlordan, heptachlor, strobane, toxaphene 

B. Org^nophosphorus; compounds 

1. Aliphatic derivatives' 

Demctan dlmethoate, ethion, malathion, phosdrin, 
phorate 

2, Aromatic derivatives 

Trithion, diazinoa, EPN, fenthion, parathion, ronnel 

C. Herbicides, fungicides, nematocides, etc. 

1. Phenoxyalkyl acids: 2,4'-D; 2,4,5-T; 2(2,4,5'-TP) 

2. Substituted ureas: fenuron, monuron, diuro'n 

3. Substituted carbamates: IPC, CIPC, EPTC, ^evin 

4. Symmetrical triazines; sl^zine, atrazine - 

5. Substituted phenols: PC?, DNBP, DNC* - 

^In part from reference 4. . 

these surveys will te presented ^re and>, in addition, several 
references will be giVen^'for tTie~^liV€TriHnce of the reader 
who wishes a greater coverage of this information. 

A. Pesticides in Humankind , 

In 1967, the U. S. Public Health Service acti- 
vated a survey of organic pesticides in the adipose 
tissues and blood" serum of the general population in 
16 states (5). These studies sampled three popula- 
tion groups. 

a. occupat ionally exposed workers, 

b. individuals not occupationally exposed but 
knoWti to be repeatedly exposed, and 

c. the general urban population. 

One of the earliest reports from this national 
survey came from Dade County, Florid^ (6) where 15^ 
autopsy fat specimens from persons accidentally or 
violently killed were examined for DDT and DDE only. 
This was an interesting stm because of the distri- 
bution of these two pesticides amongst the age, race, 
and sex groups. Figure 17-1 summarizes the median 
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Figure 17-1 

Median Levels of Total DDT-Derlved Residues in 159 
Necropsy Tissues, Dade County, Florida, 1965^1967 
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levels of the total DDT-de'rived tesidues in the 159 
necropsy tissues. When the means in these various 
groups were considered, DDE values ranges frojn 2.5, to 
15.1 ppm and from 5.0 to 2^.0 ppm for total DDT- 
derived material. No discussion of the significance 
of these data is attempted here as the reader is re- 
ferred to the. original paper (6). There are, however, 
some significant differences in DDT and DDE concen- 
trations associat^ed with demographic variables that 
the authors were unable to explain. 

Another one of the reports from the national' sur- 
vey came from Southern Idaho (7) where, the organic 
pesticide (chlorinated hydrocarbons, only) content 
of blood Serum from 1,000 samples was exanflned. Eight 
different pesticides were detected in this order of 
decreasing frequency: DDE, DDT, dieldrin, DDD, Y-BHC, 
heptachlor epoxide, lindane, and -BHC. It is, rather 
significant that 99.8% of the samples contained DDE 
at a mean concentration of 22.0 ppb, whereas DDT 
occurred in 84% of the serums at an average of 4.7 
ppl^. The percentages and average contents of the 
other six cnlorinated hydrocarbons are seen in Figure 
17-2. . There were some .differences in pest^xl^e con- 
tent due tc age and sex, but insufficient data does 
not permit discussion of these observations. The 
authors concluded that the Idaho residents in this, 
study do not differ basically from persons in other 
areas of the United States in their accumulation of 
serum chlorinated hydrocarbons. A similar afid up- 
datiid study wps reported by Wyllie, et al. (6) for 
the organochloriae pesticide residue in serum and biop- 
sied lipoid tissue of 200 persons in Southern Idaho. 

Another survey of the human pesticide monitoring 
program comes from Utah (9) where 1,417 serum and 193 
adipose samples were collected during 1967-1971. This 
survey was limited to p,p'-DDT, p,p'-DDE, total DDT 
(DDD , DDE , and and dieldrin. Residue levels in 

the Utah residents compared closely with the people 
in Chicago, Arizona, Florida and Idaho "despite con- 
siderable differences inqjantities of pesticides 
used." These statistics are for se^um (average values 
in pph): DDE-19.8,, DDT-6.2, total DDT-28.3, and diel- 
drin-1.8 and for adipose tissue (average values in 
ppm): DDE-5.03, DDT-1.53, total DDT-7.31, and diel- 
drin-0.17. As expected, significantly higher levels 
of the chlorinated hydrocarbons were observed in 
persons occupationally exposed to 'pesticides than in 
those from the general population. A rather reveal- 
ing statistic was uncovered in this survey; namely, 
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ttie mean values of total DDT In idipose tissue de- 
creased over the years of the survey in Utah. In 

1968, the mean DDT conbent was 9.0 ppm whereas in 

1969, the value was 7.2 ppm arid in 1970 it was 5.3 
ppm. this does, of course, suggest a decrease in 
storage^ levels of the pesticides but the continuation 
of this trend is uncertain at this time. 

That the occurrence and distribution of chlori- 
nated hydrocarbons in the* Adipose tisS'ue of humankind 
are universal is seen in Table 17-2i It would 
be fortuitous ^to interpret or to explain thesadata. 
There are so many variables that"^ entef^nto the 
establishment of pesticide Tevejs in adipose tissae. 
No itiference should^1>e made also toward the levels 
observed in- ^ particular country. The observation 
is, however, that the chlorinated hydrocarbons are 
distributed widely throughout the human race and the 
levels of occurrence may be related to exposure and 
usage within- a specific country. 

' There have been many survey s^ studies, researches, 
• etc.,' conducted of tUe pesticide content of humans. 

These have reported principally the chlorinated hydro- 
carljpn. Very little information, if any, ,ts avail- 
able on tlte level of such pesticides as the phenoxy- 
' herbicides, organophosphates, carbamates, ureas, etc. 
It is not that the^ pesticides are riot physiologi- 
cally important but, in all liklihood, the analytical 
procedures have not been-perf ected for human tissue. 
Additional references are listed .(11,12,13,14 and 
15) for the reader who wish'es to obtain more and 
detailed, information concerning the pesticide content 
of humans. . * *■ 

PESTICIDES IN THE B. Pesticides in Our Market Basket 

MARKET BASKET , ThAt the human body ccrntains the chlorinated 

hydrocarbon pesticide is akt^Wj^alned from the above 
^ information. There is very little] doubt that these 

^ pesticides have their origin in this food we ingest. 

A study of the pesticidal. content ijti ready-to-eat 
foods was initiated by the Food and Drug *Administr«a- 
' ■ • tion in the early l?60's. In 1967, the Uls. Public 

Healtft' Service acquired this respt)nsibility and 
launched the larger scale human monitoring program 
^ * cited above (16). Much of this "information is found 
in the Pesticides Monitoring Journal (17,18,19,20 
and 21). ' 
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Only a very brief sutranary is attempted here. 

Twelve categories of foods and feeds were ex- 
amined for pesticidal residues in five major cities 
of the United States. The so-called "market basket"' 
,is composed of : 

a. dairy products, 

b. meat, fish',, and poultry, 

c. grain and cereal products, ^ 

d. potatoes, 

e. leafy vegetables., 

f. legume vegetables, 

g. root vegetables, 

h. . garden fruits, 

i. f ruits> 

j. Qils, fafs, ard shortenirf^ 

k. sugars aVid adjuncts, and 

1. beverages. * 

All classes of pesticides were sought witb most ofy the 
information, ^lowever, coming from the chlorinated 
hydrocarbons. In all of the reports >>y Duggan and ^ 
Corneliussen (16,17,18,19,20, and 21), no discussion 
was offered for the significance of the levels th.at 
w6re found. 

Table 17-3 shows the levels of DDT in three of 
the 12 categories of ^ood over the years 1965 to 
1970. No pertinent comment nor- interpretation may 
^e offered for these data. DDT appears to be ubi- 
quitous throughout the l/nifed States at approximately 
the same level. There is apparently no regional bias 
or concentration of DDT into one sector of the United 
States. Also, there is no discernible trend of DDT 
. to higher or lower levels with time despite the 
efforts- to restrict the introduction of this pesti^- 
cide into our environment. It is appropriate to 
compare these levels with the recommenjled tolerances 
of DDT on various foods. For example, the FAO/WHO 
recommends a tolerance of 1.25 ppm lor DDT in milk 
products (fat basis) and 3.5 ppm for such fruits as 
cherries, plums, citrus and tropical fruits (22). 
The levels of DDT cited in Table 17-3 are well below 
these tolerances. * * 

The dietary intake of pesticide chemicals is 
our next question to explore. Concomitant with the 
market basket survey,* Duggan and Corneliussen ob^- 
tained the information necessary to answer this 
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TABLE 17-3 
LEVELS OF DDT RESIDUES (ppm) 
IN SOME FOOD PRODUCTS* 



Year Boston Kansas Cit y Los Angeles Baltimore , Minneapolis 

Dair y Products (8-13% fat) 

1965 .010 " .065 .031 ' 

1966 .029 .029 ♦ .073 .035 



1967 .033 .023 .109 .029 .070 

1968 ■ .029 .058 ^ .036 .009 .017 

1969 .027 .(J36- .030 .004 . .019 

1970 .019 .026 •-r02 .005 . .016 



Meat, Fish, and Poultry (17-23Z fat) 

1965 .2 47 .096 .228 

1966 .679 .313 .437 . .096 

1967 .370' a77 .139 .107 .152 

1968 .028 .290 .086 .064 .048 

1969 .287 .055 .092 . .020 . .052 
"1970 .192 .064 ' .040 .010 ' .056 



Fr-ults 

1965 .008 

1966 .010 .008 .011 ■ .010 

1967 .035 ..01 .059 .01 .009 

1968 .010 .022 .002 .Od3 

1969 .010 :01Q .014 .003 

1970 .001 .084 .005 .011 .004 



^From references 16,17,18,19,20 and 21. 
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question (23,24, and 25) for the United States. Ail - 
major classes of pesticides were sought in the 12 
categories of foods cited above. A very brief summary 
of this suryey is offered here. Figure 17-3 shows 
the dietary intaRe (mg/day) and the distributipn of 
residues by chemical class for the 1967 to^ 1970 period. 
As expected the chlorinated hydrocarbons composed the ^ 
greater percentage of the total intake of residues. 
For example, in 1970, 17 chlorinated hydrocarbons, 
5 organic phosphates, 3 herbicides, and 2 carbamates 
were found in the diet. The absolute intake of 
chlorinated hydrocaVbons was approximately .044 mg/ 
day (average, total diet) in this same time period. 
The data in Figure 17-3 suggests also that an overall 
decline in the total intake of pesticides had occuxrred 
in 1967 through 1970. Concurrently, however, with 
this decline was an increase in the percentage and 
absolute intake of the organic phosphates. This is 
undoubtedly due to the shift of useage from chlori- 
nated hydrocarbons to these chemicals. To -cite one 
.specifi(C example, the average dietary intake of total 
DDT over the 6-year survey was .0007 mg/kg of body 
weight/day which is considetably lower than the FAO/ 
WHO standard of, .005 mg/kg/day. In fact, the average 
intake of all pesticides was belody the safe tolerances 
established by the FAO/WHO (22). 

Should the reader desire additional information 
about the pesticidal content of food and food pro- 
ducts, these references may be helpful: For 
chlorinated pesticides in fluid milk and other dairy 
products in the U.Sl (26), for the rate of decline 
of chlorinated hydrocarbons in dairy milk (27), for 
a statistical analysis of pesticidal residue levels 
in foods in the U.S. from July 1, 1963 to June 30, 
1969 (28), for a study on the uptake of DDT, di- 
eldrin, and endrin by peanuts, soybeans, tobacco, 
turnip greens and tutirip roots (29), for pesticide 
residues in prepar^ed baby foods in the U.S. (30), 
3nd for pesticide residues in foods relative to 
human health (31). 

PESTICIDES IN C. Pestic ideK in Our Soils 

SOILS We have established the fact now that mnny 

organic pesticides reside in human' tissue. Un- 
doubtedly, these chemicals came into man vi^ his 
food as noted in the previous section. .Since much 
of man's food is grown in soils that are treated 
by a variety of pesticides, we should examine this 
environment for the occurrence, distribution, fate, 
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and persistence of n%ese compounds. Much of the in- 
formation in the literai\»re is concerned with the 
latter two points - fate and persistence^- because 
known qurntities of the pesticides are applied to^ 
soils for pest control. It would be superfluous to 
examine for. type and level without concern about the 
resident time in the soils'. 

In -concert with monitoring of other environments 
the national soil program was initiated'-in 1964 (32) 
and was revised in 1967 (33)'. The initial phases of 
this program (1964-1967) were concerned with the 
"applicaCcion of selecte'd pesticides on soils growing 
soybeans , carrots , peanuts , and potatoes . Emphasis 
was placed on the -uptake and translocation of pesti- 
cides by these crops. In 1967, this program was 
revamped "to determine levels* of pesticide residues 
and major pollytantS in so;Lls in major land-use areas 
and other areas in the Unitfed States." 

A rather comprehensive paper was published in 
1972 that details pesticide residue levels in soils 
of the United States for FY 1969 from the National 
Monitoring Program (34). Cropland soils were sampled 
in 43 of the 50 states whereas non-cropland soils 
'were sampled in only 11 states. Some 33 organic 
pesticides wer6 detected in the cropland soils with 
dieldrin as .the most widely distributed compound. 
It was found in 27.8% of the sites with a mean 
residue of /03 ppm (^01-1.60 range). Total DDT 
residues ^0.31 ppm mean) were observed in 26.1% of 
the sites. For organophosphates, ethylparathion was 
detected 10.6% t)f the time with a mean residue level 
of 0.06 ppm. 2,4-D was the oi?ly chlor Jphenoxy 
herbicide detected in 1.6% of 188 samples with a 
mean residue of less than .01 ppm. Atrazine (a 
herbicide) was detected in 14.1% of 199 saioples with 
a mean residue. of .01 ppm. Eleven organic pesticides 
were detected in noncropland soils with the DDT 
residues observed in 16.1% of the samples at a mean 
residue level of .01 ppm. Dieldrin was observed in 
4.0% of these soils at a mean residue level of .01 
ppm. Data are presented in this refefence (34) for 
the occurrence of pesticides in individual states. 
One unique feature of this study is that usage and 
rate of application data are available. Thus, a 
correlation between usage, application, and residue 
level may be established for soil environments. The 
reader shculd review this paper very carefully for 
the comprehensive data on the occurrence of pesti- 
cides in soil^;. 



301 



Other monitoring studies have been conducted by 
Trauttnann, et al. (35) for chlorinated hydrocarbons 
.> in randomly selected soils and sediments in Wisconsin 
and in 8 states west of the Mississippi River', by 
Stevens, et al. (36) for soils from areas of regular, 
limited, and no pesticide usage and by Wiersma, et al. 
(37) fot pesticid^es in soils from 8 U.S. cities. ' O 

Perusal of these reiferences should give the reader a 
more detailed indication of the oqcurrence and dis- 
tribution of organic pesticides in soils of the / 
United States. . ^ " ' 

In cropland 9oils, the occurrence of pesticides 
should not l^e considered as pollution since they are 
applied for oae purpose or another. The concern 
^_about persistent residues in these soils, however, 
should be indicated here. Many laboratory and field 
studies have been performed on this subject, but- we 
will cite some information from the aldrin -and di- 
eldrin literature. In the case of persistence, 
aldrin and cjieldrin disappear slowly from soils. 
For example, aldrin, 15.6 ppm was decayed and was 
converted ' slowly to .860 ppm dieldrin over a five- 
year period (38,39). In a field study, aldrin was ' 
found to have a half-life value of 5 years whereas 
dieldrin was assigned a value of 7 years (40) . This • 

hould give#Uie reader '^n order of magnitude coji- 
cerning the persistence of chlorinated hydrocarbons 
in soil environm'ents. 



Some other notable persistence studies are those 
of Tarrant, et al. (41) who applied DDT aerially to 
an eastern Oregon forest and observed that the 
residue had been decreased by more than 50% in three 
yeat^s; those of Ware, G. B. , et al. (42,43) who 
followed the persistence of DDT in soils, alfalfa, 
and beef fat after a moratorium had been plsJced on 
this pesticide in Arizona during the years 1969 and 
1970; and those of Mullins, et al. (^4) who examined 
the persistence of chlorinated hydrocarbon insecti- 
cides in the agricultural soils of Colorado. 



PESTICIDES 
IN PLANTS 
AND CROPS 



Pesticides in Our Plants and Crops 

Other important areas of our environment exposed 
to organic pesticides are the growing plants and 
crops. We have established that man contains 
pesticides in his body that are obtained undoubtedly 
from his market basket. Since many pesticides, 
especially the chlorinated hydrocarbons, are rela- 
tivel> persistent in soils, we should consider the 
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uptake of these chemicals by edible plants and crops. 
It is well established that such root crops as carrots 
beets, sugarbeets, ^onions, potatoes, radishes, sweet 
potatoes-, turnips, etc., absorb certain chlorinated 
hydrocarbons from soils . Furthermore , translocation 
of these chemicals from soil into the aerial portions 
of lettuce, cabbage , celery, peas , beans , soybeans , 
cucuiiibers , tomatoes, peppers, peanuts, rice, wheat, 
cotton,. alfalfa, etc., has been reported. These- ob- 
servations led to cooperative field and laboratory 
studies in six states where DDT, endrin, and dieldrin 
were applied to soils in which soybeans, peanuts, 
turnip greens, and tobacco were growing (A5). The 
results from these studies will illustrate the 
occurrence and distribution of pesticides in edible 
plants and crops. 

An indication of the uptake of pesticides may be 
seen in Table 17-A where the total DDT content of 
four crops are given for the cooperative study (A5- 
51). There is, of course, variation in the DDT con- 
tent of the same crop that is grown in different 
states. This vas especially true of the peanut 
which may be a reflection of the initial DDT nonterit 
of the soil before the crop was planted. Other 
significant observations were reported from this 
f study : 

a. The DDT content of crops eaten by man was 
considered generally "low and insignificant," 
and below the FAO/WHO tolerances for nuts and 
root vegetables (22). 

it.' *^n some cases the total DDT content of pea- 
fnut hulls exceeded 1.0 ppm which, if fed to 
dairy cattle for any length of 'time, would con- 
stitute eventually a residue problem in milk. 

c. Dieldrin residues were detected at 0.35 to 
0.83 ppm in peanut meats, hulls, and forage. 
These residues would constitute a possible 
hazard to man. 

d. For soybeans, there may be a low-level 
residue problem when grown in soils containing 
relatively high levels of DDT and endrin (8 and 
16 lbs. per acre), and 

e. There was some translocation of endrin and 
dieldrin into turnip tops (greens) where the 
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TABLE 17-A 
TOTAL DDT CONTENT (ppm) OF 
CROPS GROWN .IN TREATED SOILS 



State 


Ref . 




Application Rat 


e (lbs/ 


acre) 








0 


2 


a 
o 


1 fi 


Florida 


46 


Peeled turnips 




.01 


.01 


.01 


Florida 


46 


Turnip greens 


.02 


. 02 


.02 


.02 


Mississippi 


47 


Soybeans^ 


<.01 


<.01 < 


.01 < 


.01 


N. Carolina 


48 


Peanuts 




< . 08 


.08 ' • 


.13 


N. Carolina 


48 


Tobacco 


.16 


.15 


.16 


.18 


S. Carolina 


49 


c 

Tobacco 




.56 


.58 


.69 


S. parolina 


49 


Soybeans 




.56 


.64 


.57 


Texas 


50 


b 

Peanuts 


.04 


.03 


.11 


.17 


Texas 


50 


Soybeans^ 


.01 


.03 


.07 


.09 


Virginia 


51 


Peanuts^ , 


' .01 


.01 


.05 


.05 


Virginia 


51 


Turnip greens 


.10 


.13, 


.19 


.23 



^Whole bean 



In the meat portion 
In the green leaf 



tolerance is zero. 

Consequently, any detectable residue wculd be illegal. 

In suBonary, it may be stated that organic pesti- 
cides are found in man-edible crops where the source 
is obvioui5ly the treated soil. For the most part, 
these crops appear to be 'safe" for ingestion by 
man directly^ However, a subtle and possible hazard 
exists when other portions of the crop are eaten by 
cattle,' for example, whereupon the pesticide becomes 
incorporated in the milk. It is these circuitous 
routes of pesticides to man that may represent a 
potential hazard. 
• 
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Pesticides In Our Air and Water 

The National Pesticide Monitoring Program that 
was launched in 1967 established a network to survey 
the major drainage rivers In the United States (52), 
Initially, 39 rivers were selected for monthly sampling 
points near their mouths, A revision of this program 
was announced in 1971 where water samples would be 
collected quarterly and bed material samples would be 
collected semi-annually at 161 slte^ In the conter- 
minous United States, Alaska, Hawaii, and Puerto 
Rico (53). 

These pesticides are sought: 

Insecticides * ' Herbicides 



Aldrln 


Heptachlor 


2,4-D 


Chlordane 


Lindane 


2,4,5-T 


DDD 


Malathlon 


Sllvex 


DDE 


Methoxychlor 




DDT 


Methyl Parathion 




Dieldrin 


Parathion 




Endrin 


Toxaphene 




A listing of 


the 161 sampling sites 


is given In 



reference (53) , 

Some of the early river surveys prior to 1967 
were conducted by the Federal Water Quality ^dmln- 
isLration in the U, S. Department of the Interior,' 
Breldenbach, et al. (5s) and Weaver, et al, (55) 
reported upon the chlorinated hydrocarbons In our 
major Vlvers for the years 1957--1965, Samples were 
collected from 99 stations In the month of September 
when stream flows are usually the lowest. In order 
of decreasing concentrations, dieldrin (.3 ug/i). 
endrlp, DDT, DDE, DDD, heptachlor and heptachlor 
epoxide, and y~BHC were found, Aldrln was found 
Infrequently but when It was, the concentration was 
low: .006 ug/1. ' 

A five-year siilranary (1964-1968) of the pestl- 
cidal content of the major rivers of the United 
States (199 sites) was reported by Llchtenberg, 
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et al. (56)v Several chlorinated hydrocarbons were 
found* (in order of decreasing frequency): dieldrin, 
endrin, DDT, DDE, DDD, aldrin, heptachlor, heptachlor 
epoxide, lindane and y-'BHC, and chlordane. The 
highest concentration was .407 ug/1 of dieldrin. in 
the Tombigbee River at Columbia, Mississippi. Six 
organophosphorus pesticides were sought but only two 
were found in one sample in the Snake River at 
Wawawai, Washington: parathion, .050 ug/1, and ethion, 
.380 ug/1. Table 17-5 shows a conq)arison of the 
maximum pesticide concentrations found in this five- 
year survey with the permissible water supply cri- 
teria in effect At that time (57). All concentrations 
were far below the permissible criteria. 

The atmosphere environment has been examined on 
a number of occasfftds in the United States because 
of its possible role in the transport of pesticides 
from one location to another* . This medium has often 
been cited as the mechanism through which pesticides 
are distSributed (presumably) throughout the world. 
Cohen and Pinkerton (58) wete among the first in- 
vestigators to examine a dust that fell on Cincinnati, 
Ohio for pesticides. Apparently, a high dust storm 
had originated in the Southern ^gh Plains region 
(western Texas) of the United States that was later 
deposited on Ohio by rainfall. yThe following pesti- 
cides were found (ppm, dry w^i:ght): DDT, 0.6; 
chlordane, 0.5; DDE, 0.2; rqnnel, 0.2; heptachlor^ 
epoxide, .04; 2,4,5-T, .04, and dieldrin, .003. 

A nation-wide, survey of the atmosphere was 
reported by Stanley and co-workers (59) in which the 
air was sampled at nine localities: Baltimore, Md., 
Buffalo, N.Y., Dothai\, Ala., Fresno, Calif., Iowa 
City, Iowa, Orlando, Fla., Riverside, Calif., Salt 
Lake City, Utah, and Stoneviile, Miss. Twelve ' 
chlorinated hydrocarbons, one phenoxyherbicide, 
and three organophosphorus compounds were sought. 
Oiily DDT was found at. all sites with heptachlor 
eppxide, chlordane, DDD, and 2,4-D esters not found 
at all. Aldrin and 2,4-D were found in only one 
sample (of 880). Toxaphene and DEF were found in 
several samples. These four organophosphat^ pesti- 
cides were found only in samples from Dothan, 
Orlando, and Stoneviile: methyl parathion, parathion, 
malathlon, and DEF. Maximum pesticide levels that 
were found in air samples are presented in Table 
17-6. The highe^ pesticide levels were found in 
the agricultural areas of the South. In general , 
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TABLE 17-5 't 
MAXIMUM PESTICIDE CONCENTRATION FOUND VERSUS 
PERMISSIBLE WATER SUPPLY CRITERIA JFOR 1968^ 



Pesticide 



Maxinmm 

Permissible Desirable Concentration 
Criteria - Criteria Found 



Dieldrin 


17 


absent 


0.407- 


Endrin 


1 


do 


. 0.133 


DDT 


42 


do 


0.316 


DDE 






0.0^0 


DDD 






0.840 


Heptachlor 


18 


absent 


0.048 


Heptachlor epoxide 


A8 


do 


0.067 


Aldrin 


17 


do 


0.085 


Lindane (BHC) 


56 .. 


do 


0.112 


Chlordane 


3 


do 


0.169 


Methoxychlor 


.35 


do 


b 


Toxaphene 


J 


An 
uo 


c 


Organophosphates 
plus Carbamates' 


100 


do 


0.380 


Herbicide*^: 
2,4-D plus 2,^,5-1 
and 2,4,5-TP 


100 


do 


b 

if 


Phenols , 


1 


do 


b 


a 

After reference (57) 








^Not determined 








Not detected 




>• 
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ERIC 



the urban areas of Baltimore, Fresno, and River s^ide 
yielded th€ lowest levels. ^£ 

An excellent study of the chlorinated hydro- 
carbon pesticides in the rainwater over the British 
Isle^ was reported by Tarrant and Tatton (60). It 
is an excellent study in the sense that British ^ 
analysts are quite thorough in their confirmation 
of the presence of a pesticide. This is especially 
important where ,the ubiquitous distribution of the 
pesticide throughout the world is charged. Seven 
sites were ^elected over the British Isles for 
collection of the rainfall samples. ^These pesticides 
were found at all nine sit s: BHC (5 to 230 pico- 
grams/1), dieldrin (1 to 40 pg/D , DDT (6 to 190 
pg/1), DDE (3 to 56 pg/1). and 11^(2 to 60 pg/1). 
In comparison with earlier rjeports (61,62)* the 
general concentrations of dieldrin at two of the 
sites (Wellesboume and London) were lower than 
before. This was explained as "a consequence of the 
abandonment of large scale uses of aldrin and di- 
eldrin" in Britain. 

Other surveys of aquatic and atmospheric en- 
vironments for pesticides are: 

^a. Abbott, et al. (62,63) sought chlorinated 
hydrocarbons in air samples over England, 

b. Barthel and co-workers (64) collected sedi- 
ments in- tht lower Mississippi River and its 
tributaries and analyzed them for chlorinated 
hydrocarbons, 

c. M^nigold and Schulze (65) were looking for 
pesticides in selected western streams of the 
United States, 

d. Holden and Mardsen (66) examined several 
surface waters and sewage effluents for organo- 
chlorine pesticides in England, 

e. Croll (67) sought the concentrations of 
organochlorlne pesticides in the ground and 

• surface waters of England and Wales, 

I. Schafer, et ^1. (68) togk more than 500 
grab samples of raw and finished drinking water 
from the Mississippi and Missouri Rivers be- 
tween March, 1964 and June 1967. Ten 
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chlorinated hydrocarbons were sought, 



* g- Johnson and Morris (69) sampled the rivers 
of Iowa 1968 through 1970 for chldrinatca hydros- 
carbons, 

h- Hindin, et al. (70) collected several ground 
, and surface waters and bottom muds in the Colum- 
bia River Basin during the 1961 and 1962 irriga- 
tion seasons, 

i. Zabik and co-workers (71) determined the 
effect of urban and agricultural pesticide usage 
on residue levels in the Red Cedar River In 
• south-central Michigan. Water and bottom sample 
were collected^ 

j. Herzel. (72) sought organochlorine insecti- 
cides in the surface waters of Germi»ny for the 
years 1970 and 1971. 

In summary, there is sufficient evidepce to. 
suggest that organic pes^ icides are in residence in 
our aquatic environments. Moreover, most of these 
pesticides have been detected and confirmed as the 
chlorinated hydrocarbons. The organophosphates , 
phenoxy acids, . carbamates, and ureas are observed 
infrequently. Concern about the concentrations of 
pesticides in the water phase leads to the question 
of safe levels. To date, almost all of the chlori- 
nated hydrocarbon contents have been less than the 
current water quality criteria for potable water and 
for fish and other wildlife inhabitants of natural 
surface waters. Occasion^illy , an accidental or 
deliberate discharge will result in a fish kill and 
other types of wildlife damage. However, none of 
this has been permanent and no species of aquatic 
v'ildlife has been elminated from the face of this 
good earth. Also, there is evidence to suggest that 
some pesticides may be transported around the world 
through dust storms and rainfall. This may account 
for seme of the recent (after 1965) world-wide 
distribution of pesticides. 

Pesticides in Our Fish, Wildlife, and Estuaries 

The literature abounds with information con- 
cerning the pesticidal content of many species of 
fish and wildlife. A rather cursory summary of 
this information is attempted here. However, ample 
references are listed for the reader. 
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The estuarlne envircntn^nt wSs chosen to launch 
the 1967 National Monitoring'T.rogram for fish and 
wildlife (73). Initial efforts wer-e directed towards 
indicator species pnear top of the food chain, sedi- 
ments, and these *fish: carp, buffalo, black bass, 
channel catfish, green sunfish, yellow perch, rain- 
bow trout, and squawfisji. Sampling sites were 
sel^ted in the estuaries of all major drainage 
basins in the United States and Alaska. In 1971 this 
program was expanded to include these birds: starling, 
mallard, black duck, and bald eagle (74). 

One of the first reports was concerned with the 
organochlorine residuete in starlings from 12fi samp-- 
ling sites throughout ^he contiguous 'United States* 
(75).- DDT and its metabolites and dieldrin were 
found in all samples. Other residues, in ordeV of 
decreasing frequency, were: Heptachlor epoxide, 
lindane, and BHC. For 12fe samples, 60Z oBsjihe birds 
had DDT and metabolites less than 1.0 ppm (whole 
bird, wet) and 80% had less than 2.0 ppm. Approxi- 
mately 52% of the birds had dieldrin contents less 
than 0.1 ppm and 83% had le^s than (f . 2 ppm.' Some 
of the birds sampled in Arizona and New Mexico had 
DDT co^ntents as high as 48 ppm. No comments were 
made about the significance of these pesticidal 
contents in the starlings. All of the birds were 
alive when captured. 

The results of a nationwide monitoring of the 
organochi^orine pesticides in tbe wings of more than 
24,000 mallards and black ducks were reported by 
Heath' (76). These wings were submitted to the U. S. 
Bureau of Sport Fisheries- and Wildlife by hunters 
during the 1965 and 1966 hunting seasons.^ Rreviovis 
research had established that the average DPT 
residues in wings were essentially equal x\o the 
median level of such body parts as the breast skin, 
kidney, breast muscle, etc. DDE was the predominant 
residue followed in order by DET, DDD, dieldrin, and 
heptachlor epoxide. DDE was reported for every state 
and was notably high in wings from New Jersey, Massa- 
chusetts, Connecticut, Rhode Island, Nei? York, 
Pennsylvania, Alabama, California, and Utah. Di- 
eldrin residues were prevalent in wings from Arkansas, 
Texas ,^ Utah, California, and several states in the 
Atlantic Flyway. Some of the average: values for DDE 
were: .24, .09, .16, 2.17, 2.1, .94, and .44 ppm 
(wet weight). Dieldrin contents were in this range 
of values: .1, .06, .21, and .05 ppm. 
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As part of the National Pesticide Monitoring 
Program, fish werfe collected in 1967 and 1968 from 
50 sampling stations located in the Great Lakes and 
in major river basins throughout the United States 
(77). DDT and metabolites were found in 991 of the 
samples with levels up to 45 ppm (rag/kg wet weight, 
whole fish). Dieldrin wa? found frequently also, 
75% of samples, with levels ranging to nearly 2 ppm. 
Other chlorinated hydrocarbons that were found: 
aldrin, endrin, lindane, heptachlor, heptachlor 
epoxide, chlordane, and toxaphene. In order to 
provide the reader with an indication of -the pesti- 
cidal contents pt fish. Table 17-7 lists some values 
selected at random from 590 conqposite samples. One 
important general observation was made from this 
etudy: the bottom feeding fish did not appear to have 
pesticidal contents any higher than the non-bottom 
feeders. For example, two smallmouth bass (a bottom 
feeder) caught in the Potomac Kiwet showed dieldrin 
contents of .01 and .05 ppm whereas two largemouth 
bass showed levels of .03 and .06 ppm. 

One of the more controversial issues has been 
the pesticidal concentrations in Great Lakes fisl}. 
Reinert (78) has published an excellent four-year 
(1965-1968) survey where DDT and metabolites and 
dieldrin have been found in all fish sampled from 
the Oreat Lakes. Lake Michigan seems to yield fish 
whose pesticidal content is 2 to* 7 times greater 
than those from the other Great Lakes. For example, 
an alewife in Lake Michigan contains 3.89 ppid, on 
the average, of DDT whereas an alewife in Lake 
Superior contains 0.72 ppm. This report has con- 
siderable information on the DDT and dieldrin con- 
tents of twelve species of fish from the five Great 
Lakes . 

Modin (79) .issued a report from California that 
resulted from the nation-wide program to monitor 
chlorinate(i hydiocarbons in estuaries. ^Samples were: 
giant Pacific oyster. Bay mussel, Dungeness- crab, 
offshore fish and shellfish. Of the 10 chlorinated 
hydrocarbons sought, only DDT, DDD, and DDE were 
routinely found. Dieldrin was not routinely found 
in the oysters where typical copcentratlons were 10, 
27, 20, 11, 18 ppb (ug/kg). In mussels, 16 ug/kg 
^as reported in one of 27 samples. No dieldrin was 
reported in the offshore fish and shellfish. One 
interesting observation was that '^expected high 
levels of pesticides were not found in San Franf^isco 
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Bay, the *-enninating point for the Sacramento and 
San Joaquin Rivers which drain over 6 X 10^ acres 
of agricultural land in the Sacramento and San Joa- 
quin Valleys.** 

Another survey of estuarine organisms comes from 
the marine waters of Long Island, N.Y. (80). Shell- 
fish were used as the major testing ^organisms. 
Pesticides sought were: DDT, DDE, DDD, dieldrin, en- 
drin, aldrin, heptachlor, lindane and heptachlor 
epoxide. Typical results in the shellfish for DDT + 
DDE + DDE, 0.019 to .115 mg/kg (wet weight, organic 
tissue) and for dieldrln, .007 to ^020 mg/kg. Some 
data were given also for lobster: .216 mg/kg DDT, and 
blue claw crab, .019, .136, .083 mg/kg DDT.* Only 
DDT, DDD, DDE, and dieldrin were found in the survey. 
Residues found in the shellfish were well below the 
limits set by the Food and Drug Administration. 

Some other references about the occurrence, dis- 
tribution and levels of pesticides in fish, wildlife, 
and estuaries are: 

a. organochlorine pesticides in hatchery trout 
(81); 

b. chlorinated pesticide levels in the eastern 
oyster from selected areas of the South Atlantic 
and Gulf of Mexico (82); 

c. The Galveston Bay, Texas, pesticide survey 
in water and oysters (83); 

d. monitoring of the aquatic biota (plants, 
clams, and fish) at the Tule Lake National Wild- 
life Refuge (84); 

/ 

e. insecticide residues in grouse and pheasants 
of South Dakota (85); 

f. pesticide residues in bald and golden 
eaglet (86); 

g. organochlorine pesticides in fur seals (87); 

h. occurrence of pesticides in whales (88); 

i. pesticide residues in channel catfish from 
Nebraska (89); 
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j. organochlorine residues and autopsy data 
from bald eagles, 1966-1968 (90); 



4 



k. organochlorine insecticide residues in fish-- 
fall 1969 (National Pesticide Monitoring Program) 
(91); 



1. organochlorine pesticides, PCB, and mercury 
in bald eagle eggs and changes in egg shell 
thickness, 1969 and 1970 (92,93); 




m. reference (11) has an excellenT tabulation 
of organochlorine pesticide residues in almost 
all fontis of wildlife, and * 



n. DDT residues in the common surf-zone sand 
crab along coastal California (9A) . 



SAMPLING OUR 
ENVI-ROWIENT 



HUMAN 



FOOD 



That organic pesticides reside in almost every phase of 
our environment should be well established from the above 
dis(?ussion. Most of this information was derived from the 
National Pesticide Monitoring Program' whe^ well structu""ed 
sampling schemea^were employed to obtain the elusive "re- 
presentative" sample. Also, these schemes were designed to 
yield statistically significant data wherever possible. If 
one wishes to search our environment for pesticl'des in' a 
qualitative manner, it is not necessary to obtain a large 
number of samples with the statistical frequency of a large- 
scale monitoring program. Samples col^j^ted at random would 
suffice for almost all environments. There are, however, some 
variables and notes of precaution that the environmental 
sampler should know. These points are considered in each 
environment cited below. . ' - ^ 

A. Humankind - , * 

The ^ampling of humans, dead or alive, should 
not be attempted by the amateur environmentalist. 
This should be Crusted to the professional only. 
The analysis ^of human tissue, blood, organs, etc., 
for organic pesticides Is not particularly difficult. 
It is, however, the pi^ocurement of the human sample 
which is difficult and shd^ld be in the hands of 
competent personnel. 

B. Market Basket j Plants, and Crops 

The national sampling program for the determi-, 
nation of pesticide re(3idues in unprocessed and 
commercially processed consumer food commodities and 
animal feeds is described in detail by Ouggan, et 
al . (16,95). This Market Basket survey is designed 
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to assay pesticide residues in the basic two^-week 
diet of a 16 to 19~year-old male who is statistically 
the nation's largest eater. There is a total of 117 
items in the current market basket under surveillance. 
Samples of food items are procured by simply purchas- 
ing the items at the appropriate retail or wholesale 
outlets were the food is grown, processed, or sold. 
The reader should study carefully the references of 
Duggan, et al, (16,95) for the food items that are 
analyzed and for preparation of the sample prior to 
the analytical procedure. 

Soils 

The national soils pesticide monitoring and 
sampling program is presented in detail by Sand and 
Wiersma, et al. (32,33). Sample collection pro- 
cedures are described for large-scale study areas 
where block and plot* sampling techniques are needed. 
This elaboration is needed, of courde, to assure 
statistical significance of the sample. It is not 
necessary to do this detail for the occasional 
analysis of soil samples. However, if one wishes to 
survey a field, forest, lawn» etc., in order to 
demonstrate the presence of pesticides, it is 
suggested that several core samples should be col- 
lected throughout the area. Also, it is extremely 
desirable to collect a soil sample reasonably free 
from pesticides for the analytical control. There 
are many artifacts in soils that interfere in the 
analysis and may be mistakenly interpreted as 
pesticides . 

A uniform procedure taking the cores, compositing 
the sample, and general handling has been developed 
for the national monitoring program. It is suggested 
that this procedure is followed. Soil is .sampled to 
a depth of 3 inches with a corer two inches in dia- 
meter. All cores should contain the surface cover 
of the soil, e.g., debris, sod, leaves, etc., which is 
penetrated through normal sampling. Cores are 
collected in a large container such as a five-gallon 
pail. Combined cores are passed through a 1/A inch 
screen to facilitate mixing and to remove stones, 
roots, twigs, etc. Lumps of soil should be forced 
through the screen. A 1/2-gallon container is filled 
with the mixed, screened soil and is sealed with an 
sir-tight lid. This ''1/2-gallon'* of soil constitutes 
a sample. Needless to say, all containers into 
which soil is placed should be thoroughly cleaned 
to avoid extraneous contamination by pesticides. 
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Air and Water 

The national monitoring and sampling program was 
described by Green and Love that was modified 

and updated later by Feltz and co-workers (53,96). 
Initially, 53 water sampling stations were chosen for 
the major frfesh water rivers in the conterminous 
United States. Samples are collected near the river 
mouths, of course, to take advantage of as much of 
the drainage area as possible. Where streams have a 
tidal area, the stations are located above salt water 
intrusion. Usually the samples are taken from middle 
of the stream and just below the water surface. If 
you have a rather broad stream or river, cross- 
sectional samples may be taken. 

All water samples should be collected and stored 
in glass bottles and never in plastic containers. 
These sairple containers should be cleaned as th 
oughly as possible with such cleansing agents aj^ 
chromic acid or an organic solvent (hexane, fcr 
example). Several distilled water rinses of the 
bottles should follow the cleansing agent. The water 
sample must h^'ve no contact with such cap liners as 
rubber, cork, and most plastics (Teflon, however, is 
permissible). A one-liter sample is sufficient 
usually but there may be occasions whffli a gallon is 
more appropriate. Analysis should b^gin as soon as 
possible after collection an^' preferably within two 
days. Samples should be refrigerated (in the dark) 
until used. 

River sediments x^y simply be sampled by scrap- 
ing the upper three inches of the bottom deposits. 
The sedfTient samples should be placed in a wide- 
mouth glass jar and re*irlgerated and analyzed as 
soon as possible. 

Fish, Wildlife, and Es tur* r i e s 

The sampling of fish ai:li wildlife in their many 
natural habitats is a rather difficult task,. This 
point was considered in vbe national .monitoring pro- 
gram by Johnson, et al. C^>) and Di.sr.man, et al. 
(74). For fish, it was der.:,^t^6 to select species 
that were at or near the tof*» of their food chain 
(in order of preference): ca^'p, buffalo, black bass, 
rhannel catfish, green sunfisi".^ yeilov{ perch, rain- 
bow trout, and squawfish. Fisn are collecti^d by 
seining, gillnetting, electric 55't)0':king, or by any 
alternative means other than by cbt^colcals . 
Approximately one pound of fish iv taken for tach 
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sample when the whole fish is ground for analysis* 
If individual tissues are analysed, it is necessary 
to collect more than a pound of whole fish* Samples 
should be wrapped individually in aluminum foil for 
preservation by freezing until analysis* If there 
is a long time interval involved in the transportation 
of samples to the laboratory, dry ice should be used 
at the rate of 10 lbs* for 10 to 15 lbs* of fish* 

Since procurement of a representative sample of 
each major group of animals is a rather difficult 
task, the National Pesticide Monitoring Program 
selected several species of wildlife which occur 
reasonably close to the top of a food chain (73). 
The chosen species were: mallard duck, starling, and 
the bald and golden eagles* Destruction of these 
birds or any other form of wildlife for the sole 
purpose of pesticide analysis is not advised* In- 
stead, it is reconnnended that the procedure of Heath 
(76) should be followed where only the, wings of birds 
are sampled and analyzed* Furthermore, it is not 
reccxmnended that stray dead birds be analyzed by 
the amateur environmentalist because of the possi- 
bility that death may have been caused by disease* 
It is suggested also th£t the procurement of any 
type of wildlife should be done in cooperation with 
your appropriate state agency or with the U* S* 
Bureau of Sport Fisheries* 

The shellfish, oysters and clams are the species 
most coomonly sampled from estuarine environments 
(73). Once again, it is suggested that the procure- 
ment of shellfish or any other estuarine wildlife 
should be done in cooperation with the appropriate 
state agency or the U* S. Bureau of Conmerical 
Fisheries. ^ 

General Information 

Analytical determination of organic pesticides 
in the many environments discussed above is a 
tedious, but not necessarily a difficult task* Al- 
most all of the analytical techniques employed by 
the National Pesticide Monitoring Program are com-- 
plex and cannot be simplified to the level of an 
electrometric pH value, for example* Furthermore, 
pesticide analysis requires considerable experience 
and training* Consequently, it is strongly re- 
commended that any pesticide sampling and analysis 
of any part of our environment should be under the ^ 
supervision of a well-traiaed and competent analyst* 
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The technical literature is filled with many rather 
sophisticated techniques for pesticide analysis. 
Many of these require the use of gas-llquld chromato- 
graphy and associated instruments which is a highly 
specialized and expensive procedure. The reader is 
given references (97,98) for the "official" methods 
^employed by Federal agencies and other laboratories • 

A general outline is given below for the detec- 
tion, determination, and conf isolation of only the 
chlorination hydrocarbon pesticides. This does not 
suggest that the other types of pesticides are un- 
important and do not affect our environments. 
Selection of organochlorine pesticides should be 
rather obvious from the discussion above. Almost 
all of the data from the National Pesticide Monitor- 
ing Program is concerned with these pesticides which 
appear to be the most environmentally prevalent, 
distributed, and stable. 

A very generalized schematic diagram for pesti- 
cide analysis is seen in Figure 17-A. The sample 
preparation and extraction steps are different for 
each sample cited below. However, the cleanup and 
thin-flayer chromatography (TLC) steps are common 
for a\l samples after extraction. The "heart" of 
this analytical diagram is the thin-layer chromato- 
graphic step. This technique was selected for many 
reasons because if provides a rapid method for 
separation of small quantities of related compounds. 
The TLC method requires a thin coating of an adsor- 
bent material, usually Silica Gel G, on a glass 
plate. The mixture of compounds for separation is 
spotted on the adsorbent layer and the plate is 
placed in a chromatographic vessel which contains 
an appropriate solvent system. ^ The solvent migrates 
throughout the layer which permits separation of the 
compounds according to their relative affinities' 
for the adsorbent. Once separation is complete, the 
compounds are developed into visible "spots" by the 
appropriate chromogenlc reagents. Then, the spot is 
Identified into a compound by the distance it has 
travelled from the origin of insertion on the plate. 
It is usually the practice to Include a known quan- 
tity of a pesticide with the sample. This acts as 
a reference or a standard for the unknown spots. 
The reader is given reference (99) for greater 
detail on thin-layer chromatography. 
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SAMPLE 
PftEPARATICN 



EXTRACTION 



CLEAN-UP 
FLORISIL COLUMN 



THIN-LAYER 
CKROMATOQRAPHY 



CONFIRMATION 
IF REQUIRED 



Figure Generalized Schematic Diagram for Analysis 

of Organochlorlne Pesticides 

B. Special Equipment, Reagents, and Solvents 

1. Equipment and Sources 

^ a. Kuderna-Danlsh Glassware {IklkQ joints) 

Snyder Column - three ball (macro) and 
one ball ^ (micro) 
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Evaporative Flasks - 125 ml,. 250 lul, and 
500 rill 

Receiver Ampoules - 2 ml and 5 ml. 
Ampoule Caps 

Kontes Glass Company 
Vineland, New Jersey 08360 

Dohrmann Instruments 
1062 Linda Vista Avenue 
Mountain View, California 9A040 

Column Chromatography - Pyrex column 19 
mm I.D., 400 mm length with coarse 
fritted plate on bottom and Teflon stop- 
cock, 250 ml reservoir bulb top of 
column with flared out funnel shape at 
top of bulb — a special^ order • 

Kontes Glass Company 
Vineland, New Jersey 08360 

Micro Syringes - (1, 10, 25, 50, and 
100 Ml) 

Hamilton Company 
Post Office Box 307 
Whlttier, California 90608 

Sepai^icory Funnels - two liter and four 
liter ioiinels with Teflon stopcock. 

Pyrex or Kimble supplied through many 
distributors • 

Thin Layer, Applicator and accessories, 
including UV source. 

Applied Science Laboratories 

Post Office Box 440' 

State College, Pennsylvania 16501 

Brinkmann Instruments, Incorporated 
Captiague Road i 
Westbury, New York 11590 ) 

also - from many other suppliers 
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STANDARDS "2. Standards^ Reagent s > and Solvents 

- J 

a. Pesticide standards - highest available 
purity 

City Chemical Company 

132 West 22nd Street 

New York, New York 10011 

Environmental Protection Agency 
Perrine Primate Research Branch 
P. 0. Box 490 
Perrine, Florida 33157 

Applied Science Laboratories, Inc. 

Post Office Box 440 

State College, Pennsylvania 16501 

also - from the manufacturer 

b. Florisil (60/100 mesh) - purchased 
activated at 

12(>0°F. and stored at 130°C. 

Florid in Company 
2 Gateway Center 
Pittsburgh, Pennsylvania 15222 

c. Sodium sulfate (A.C.S.) - granular, 
anhydrous 

d. Pyrex wool - filtering grade 

e. Solvents - hexane, diethyl ether, ace- 
tone, benzene, xylene, carbon tetra- 
chloride, acetonitrile , nlethylene 
chloride, - high purity distilled in 

K glass for pesticide analyses — either 

Nanograde type or purified in labora- 
tory. 

Burdlck and Jackson, Incorporated 
1953 South Harvey Street 
Muskegon, Michigan 49A42 

Mallinckrodt Chemical Works 
2nd and Mallinckrodt Streets 
St. Louis, Missouri 63160 
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Matheson, Coleman^ and Bell 

Post Office Box 85 

East Rutherford. New Jersey 07073 

f * Silica gel-G with gypsum binder (No. 
8076). 

Warner-Chilcott Laboratories 
Instrument Division 
200 South Gerrard Boulevard 
Richmond, California 94801 

Scope of Method and Special Precautions 

1. Types of Chlorinated Hydrocarbons Determined 

This method covers preparation of the 
sample and determination of the concentration 
of various chlorinated hydrocarbon pesticides 
by thin-layer chromatography in water and waste 
water. 

The following compounds may be determined 
individually by this method: 6HC, lindane, 
heptachlor, aldrin, heptachlor epoxide, dieldrin, 
endrin, Perthane, DDE, TDE, DDT, methoxychlor , 
endosulphan, ^-chlordane, and Sulfenone. Under 
ideal circumstances, Strobane, toxaphene, 
Kelthane, chlordane (tech.), and others may also 
be de.termined. 

Various combinations (mixtures) of these 
compounds In a single sample may not be ade- 
quately ^ inguished, thereby causing high, 
low, or coniused results through misidentif ica- 
tion and/or compound obscuring another of lesser 
concentration. Provisions incorporated in this 
method will minimize the occurrence of such 
interferences. 

2. Interferences 

Solvents, reagents, glassware, and other 
sample processing hardware may yield discrete 
attifacts and/or elevated baselines causing 
misinterpretation of thin-layer chromatograms. 
All of these materials must be demonstrated to 
be free from interference under the conditions 
of the analysis. Specific selection of re- 
agetits and purification of solvents by dis- 
tillation in all glass systems is required. 
Glassware should be cleaned by rinsing 
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successively with chromate cleaning solution, 
tap water, distilled water, and finally with 
redistilled acetone* If the type and size of 
glassware permits, it is heated in a muffle 
furnace to about AOO**C. for 15 to 30 minutes. 

Sample treatment required to remove non- 
pesticide materials which cause interference 
may result in the loss of certain chlorinated 
hydrocarbons. It is beyond the scope of this 
method to describe procedures for overcoming 
all of the possible interferences that may be 
encountered. Methods for eliminating or mini- 
mizing interferei[ices av^ described in the 
sections on Clean-up and Separation Procedures* 



Preparation of Standards, ReagentSj 
Solvents 



and 



STANDARD REAGENTS 



Analytical Standards and Other Chemicals 



STOCK SOLUTIONS 



STANDARD SOLUTIONS 



Analytical reference grade standards 
should be used whenever available. They 
should be stored according to the manu- 
facturer's instruct ionst Standards and 
reagents sensitive to light should be stored 
in dark bottles and/or in a cool dark place. 
Those requiring refrigeration should be 
allowed to come to room temperature before 
opening. Storing of such standards under 
nitrogen is advisable. 

b. Stock Standards 

Pesticide stock standards solutions 
should be prepared in 1 ug/ul concentrations 
by dissolving 0.100 graits of the standard 
in pesticide-quality hexane or other appro- 
priate solvent^ (Acetone should not be used 
since some pesticides degrade on standing 
in this solvent) aod diluting to volume in 
a 100 ml ground glass stoppered volumetric 
flask. The stock solution 1^ transferred 
to ground glass stoppered reagent bottles. 
These standards should be checked fre- 
quently for signs of degradation and con- 
centration) especially just prior to pre- 
paring standard solutions from them. 

c. Standard Solutions 

Pesticide standard solutions are pre- 
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pared from the stock ^olutions using a micro 
syringe preferably equipped with a Chaney 
adapter. The concentration of these' solu- 
tions will vary depending on the TLC system 
employed and the level of pesticide in the 
samples to be analyzed. A typical concen- 
tration (0.1 ng/ul) njay be prepared by 
diluting 1 ul of the 1 ug/ul stock solution 
to volume in a 10 ml ground glass stoppered 
volumetric flask. The standard solutions 
should be transferrer to ground glass 
stoppered reagent^. borTles. Preparation of 
a fresh working standard each day will 
minimize concentration through evaporation 
of solvent. These standards should be 
stored in the same manner as the stock 
solutions. 

d. Identification of Reagent s 

All stock and 'standard solutions should 
be labeled as follows: name of compound, 
concentration, date prepared, solvent used, 
and name of person who prepared it. 

e. Anhydrous sodium sulfate used as a dry- 
ing agent for solvent extracts should be 
prewashed with the solvent or solvents 
that it comes in cv>ntact with in order to 
remove any interferences that may be 
present. 

f . Cotton used at the top of the sodium 
sulfate column must be pre--extracted for 
about 40 hours in soxhlet using the 
appropriate solvent. A cheap grade of 
cotton is recoramehded. Red Cross cotton 
is not recommended. 

g. Solvent s 

o 

Organic solvents must be of pesticide 
quality and demonstrated to be free of in- 
terferences in a manner compatible with 
whatsoever analytical operation is to be 
performed. Solvents can be checked by 
analyzing a volume equivalent to that used 
in the analysis and concentrated to the 
minimum final volume. If necessary, a 
solvent must be redistilled ' in glass using 
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a high efficiency distillation system. A 
60 cm column packed with 1/8 inch glass 
helices is effective. 

h. Ethyl Ether - Hexane 

It is particularly important that these 
two solvents, used for extraction of organo- 
chlorine pesticides from water, be checked 
for interferences just prior to use. Ethyl 
ether, in particular, can produce trouble- 
some interferences. (Note: the information 
of peroxides in eth/1 ether creates a 
potential explosion hazard. Therefore, it 
must be. checked for peroxides before use.) 
It is reconnended that the solvents be 
mixed Just prior to use and only in the 
amount required for immediate use since 
build-up of interferences often occurs on 
standing. 

Common Analytical Operations 

a. Method Blank 

A method blank must be determined when- 
ever a sample or group of samples is ana- 
lyzed. This is done by following the pro- 
cedure step by step including all reagents, 
solvents, and other materials in the 
quantity required by the method concurrently 
and under conditions identical to those for 
the samples. Additional blanks are required 
whenever a new supply of any of the reagents 
solvents, etc., is introduced. 

b. Sample Transfer 

The utmost in care and technique must 
be exercised i^tyofdev to assure quantita- 
tive transfer of. est'^c^ct solutions from one 
vessel to another throughout the analysis. 
Careless technique will\ntroduce deter- 
minate errors and produce inaccurate results 
The internal wall of the vessel must be 
carefully rinsed several times (usually 
three) with a volume of the particular 
solvent appropriate for the analysis in- 
volved. Final flushing while pouring into 
the receiving vessel is recommended. 
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Concentration of Extracts 



EVAPORATION 



a, Kuderna-Danlsh (K*>D) Evaporation 



FINAL 

CONCENTRATION 



SAMPLE 
PREPARATION 



Snyder colutnn, evaporative flask and 
calibrated receiver ampul are employed. The 
evaporative flask should be filled to no 
more than 60Z capacity. Set the K-D assembly 
over a vigorously boiling water bath or a 
live st-eam bath. The evaporation jnust be 
carefully attended to avoid loss of pesti- 
cides. The water) lev^l should be maintained 
just below the lower jotntf and the appara- 
tus mounted so that the lower rounded sur- 
face of the flask is bathed in steam. Carry 
out the evaporation in a hood so that solvent 
vapors are exhausted. When the solvent no 
longer actively distills, the K-D apparatus 
is removed from the bath and allow^ to cool. 
The condensed solvent is allowed to cool. 
The condensed solvent is allowed to drain 
into the ampul before dismantling. 

b. Final Concentration " 

Concentration below 5 ml is usually re- 
quired when analyzing surface water samples. 
Final evaporation t6 a minimum of 0.2 ml 
nyfy be accomplished in the ampul with the 
air of a gentle stream of clean dry nitro- 
gen or air in a warm water bath, adjusted 
to the temperature prescribed by the method. 
Final evaporation may also be accomp'lished 
in the ampul using a micro Snyder column to 
give a final volume of 0.2-0. A ml. In the 
latter case, a small* sand-size boiling clip 
is added to the ampul prior to evaporation. 
The extract volume is reduced to 0.1 ml 
below the volume sought sd that the internal 
wall of the ampul may be rinsed. tVIs step 
is carried out at least three times. Great 
care must be exercised to prevent the ex- 
" tT*act from going to 'dryness. 

Preparation of Samples 

Each of the samples c^ted below requires a 
different technique of preparation prior to solvent 
extraction. Some samples will need more preparative^ 
work than others. Preparation generally is the 
blending or grinding of the sample into smaller 
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particles where the subsequent extra Ive step Is 
more efficient and quantitative recovery of the 
pesticide Is assured. 

1. Foods 

Market Basket Items (I.e., foods) that 
normally require further processing by cooking » 
such as fresh meats and certain raw vegetables, 
or preparation for eating raw, such as tomatoes, 
carrot^s, celery, lettuce, cucumber, cabbage, and 
fresh fruits, should be delivered to a diet 
kitchen for .preparation under the direction of 
a dietician. Market Basket items that are 
normally consumed as purchased such as dairy 
products, luncheqfi meats and frankfurters, 
canned meats, some fruits and vegetables, potato 
chips, canned fruit juices, concentrated "fruit 
julce&r, and frozen fruits should be retained for 
con^osltlng by commodity groups with the foods 
prepared by the diet kitchen. Gt^ldellnes for 
the preparation and compositing of food are 
presented by Duggan and Cook (95). It is 
strongly recommended that Market Basket items 
should be prepared upder the direction of or 
^by an expert dietician. ^ 

2^ Root Crg -^s 

Such root crops as' carrots, peanuts, and 
potatoes may be prepared by the technique of 
Seal, et al, (100). First, the samples are 
water-washed and alr-drled before ^chopping into 
sifiall pieces. Then these pieces are homogenized 
usually with a solvent in the extractive step 
cited below. 

3. , Milk 

All milk samples are processed immediately' 
and the butterfat is removed upon receipt at 
the laboratory (101). The milk is warmed to 
room temperature by standing. The butterfat 
is. removed by placing 100 ml into a 200-ml 
volumetric flask and, with constant mixing, 
the flask is filled to the mark with a deter- 
ment reagent (50 g sodium tetraphosphate plus 
24 ml of Triton X-100 per liter of water). 
This mixture is placed into water bath at 95*" 
C until the clear butterfat layer separates 
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into the neck of the 'flask. The butterfat is 
transferred into vials and held under refrigera- 
tion until analysis., 

A. Soils and Waters 

There are no special preparative steps for 
soil, water, fish, shellfish, and animal tissue, 
since they are Extracted shor,tly after taken. 
In addition, no drying steps are required for 
soils. ^ 

Extraction of Samples 

1. Foods *^ 

Reduce 500 grams of more of a i epresentative 
food sample into small pieces using a food 
cutter, chopper, or knife. Weigh a representa- 
tive aliquot (100 grams) of the finely chopped 
material into a high-speed Waring Blender. Add 
A^mlof ^traction solvent (hexane-isopropyl 
alcohol, 3:1) per gram ^ sample, measuring the 
amount of solvent accurately. (For extremely 
watery foods such as tomatoes, watermelon, etc., 
decrease the hexane-isopropyl alcohol ratio to 
2:1). Blend until the sample is thoroughly 
macerated (3 to 5 minutes is usually sufficient) 
Pour the mixture from the blender cup into a 
separatory funnel containing about 50 ml dis- 
tilled water, removing the fdod matrix through 
the use of a funnel containiiig a plug of glass 
wool. Wash the isopropyl alcohol from the 
solution with five successive volumes of dis- 
tilled water equivalent to the amount of alcohol 
present. Discard .the water .each time. If 
trace amounts of alcohol can be detected, in the 
wash water by odor, use additional water washes 
until no odor is present. Drain the hexane in- 
to an Erlenmeyer flask containing anhydrous 
sodium sulfate. Shake and allow to stand for 
approximately 15 minutes. Filter .off the 
sodium sulfate through fluted filter paper. 
This hexane ejctract is ready now for the clean- 
up through the Florisil column described below. 

2. Root Crops 

One hundred grams of chopped samples are 
homogenized for one to two minutes with 200 ml 
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of cliromatographic grade acetonitrile with about 

iims of Ce]it6 added (100), This homogeniza^ 
tion should occur in a stainless steel cup-. The 
solvent and pulp are separated by centrif ugation 
in this cup. The solvent is decanted through 
filter paper into a l-littir flask and held. 
Another 100 ml portion of ' acetonitrile is added 
to the pulp in the cup and the extraction, set- 
tling, 'and filtration are -repeated, This\second 
extract is added to the first which is reduced 
then by evaporation through a Snyder column on 
a hot Plate to leave a water layer covering the 
bottom of the flask. One hundred mis of hexane 
are added through the column to the water layer 
which is subsequently evaporated completely. 
Another 200-ml portion of hexane is added 
through the Snyder column to the water layer 
in the flask and the contents are refluxed. The 
water and hexane are transferred to a separatory 
funnel where the water subsequently is rejected. 
The hexane extract is filtered through sodium 
sulfate, made to 300-ml volume, sealed in a 
glass bottle, and held, if necessary, under 
refrigeration until determination by thin-layer 
chromatography eited below. Normally, clean- 
up with Florisil is unnecessary with carrots and 
potatoes when the initial extraction is made 
with acetonitrile. 

Slightly different extraction techniques 
are described by Wheeler, et al. for turnip 
roots (46) and soybean seeds (102). 

3 mik 

The butterfat is fluidized in a warm oven. 
One gram (1.00) is transferred with a dropping 
tube to 25 g of activated Florisil (see above) 
and mixed thoroughly until a free-flowing pow- 
dcr is obtained (101). Twenty-five grams of 
deactivated Florisil (take room temperature, 
activiated Fiorisil and add water at the rate 
of 5 ml per 100 grams) is poured into a chroma- 
tographic column to form the bottom half of^ the 
clean-up system. This is prewashed with 50 ml 
of a 1:1- mixture of dichloromethane and hexane. 
The butterfat-Florisil mixture is then intro- 
duced into the column to form the top layer 
which is eluted with 300 ml of a 1:4 dichloro- 
mothane-hexane elution mixture at a percolation 
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rate of approximately 5 ml7niinute» Eluates are 
concentrated just to dryness with a rotary 
vacuum at 45**C» The residue Is redlssolved In 
5.0 ml of hexane and transferred to a glass 
stoppered tube for subsequent thin-layer chro- 
matographic analysis ♦ 

4. Soils 

A sample of soil, 300 grams wet weight 1 Is 
placed Into a 2-quart fruit jar with 600 ml of 
3:1 hexane-lsopropanol solvent (3A). The jars 
are sealed and rotated for A hours. After 
rotation, the soil Is allowed to settle and 
200 ml of the extract solution Is filtered Into 
a 500-ml separatory funnel. Isopropyl alcohol 
Is removed with two washings of distilled water. 
The remaining solution Is filtered then through 
a funnel containing glass wool and anhydrous 
sodium sulfate. This hexane solution should be 
put through the Florisil column described below 
before thin-layer chromatography Is attempted. 

5. Water 

One liter of sample Is drained into a 2- 
llter separatory funnel, equipped with a Teflon 
stopcock, and extracted with 60 ml of 15% 
ethyl ether in hexane, by shaking vlgorovsly for 
two minutes (97). The mixed solvent is allowed 
to separate from the water and this water is 
dravn into a second 2-liter separatory funnel. 
The organic layer is passed through a small 
column of anhydrous sodium sulfate (which has 
be^n previously rinsed with hexane) and col- 
lecbed in a 250 ml beaker. The extraction is 
repeated and the solvent treated as above. 
Approximately 35 ml of sodium sulfate saturated 
water is then added to the sample and a third 
extraction is completed with 60 ml of hexane 
(not hexane-ethyl ether). This solvent too is 
passed through the sulfate column and collected 
in the beaker. The column is rinsed with 
several small portions of hexane and this sol- 
vent IS blown out and recovered in the collec- 
tion beaker containing the combined extracts. 
With a clean sample, the extract may be treated 
as described below. 

If the sample is composed of relatively 
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clean water, apparently free from oils, coloring 
matter and other organics, it nay be concentrated 
by transferring the partially evaporated sample 
extract with small portions of hexane to a 125 
ml Kuderna-Danish (K-D) evaporative flask equip- 
ped with a 2 ml 'receiver ampoule. A three ball 
Snyder column is mounted to the Cop of the flask 
and the solvent is evaporated in a steam bath. 
After no more solvent actively distills the 
assembled K-D is removed from the bath and 
allowed to cool slightly* The Snyder column and 
the flask while still warm are rinsed with a 
small poiftion of hexane into the receiver am- 
poule. The ampoule is disconnected and the con- 
centrated extract is ready for thin-layer 
chromatography described below. 

If the concentrated extract appears "dirty" 
or is believed to contain materials which may 
interfere with measurement proceed as described 
below under Clean-up and Separation Procedures. 

FISH 6. Fisht Shellfish, and Animal Tissue 

Approximately 50 to 100 grams of fish, shell- 
fish, or animal tissue are placed into a clean 
' Mason jar and homogenized with an Osterizer 

(103,104,90). It may be necessary to homogenize 
some animal tissue with a Hobart food cutter. 
A 30-gram aliquot of the homogenate is trans- 
ferred to another clean Mason jar and mixed with 
90 grams of a desiccant mix composed of 9 parts 
anhydrous sodium sulfate and 1 part Quso (a 
micro fine precipitated silica). The mixture 
is alternately frozen and blended with an 
Osterizer until a free-flowing powder is ob- 
tained. Thirty grams of this powderai^ ex- 
tracted for 4 hours with 300 ml of hexane in a 
Soxhlet apparatus. This extract is filtered 
through sodium sulfate, made to 300-ml volume » 
sealed in a glass bottle, and held, if necessary, 
under refrigeration until determination by 
thin-layer chromatography cited below. However, 
clean-up through a Flori&il column should occur 
before the chromatographic step. 

CLEAN-UP F. Clean-up and Separation Procedures 

The analytical procedure, from this point for- 
ward is common to all of the sample extracts cited 
above. Unless noted previously, all extracts should 
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be run through the Florlsll column before thin-layer 
chromatography is attempted. 

1. Fiorisil Column Adsorption Chromatography 

The sample extract is concentrated to ap- 
proximately 40 ml in a water bath at 70**C 
without air or vacuum, A 15 g charge of 
Fiorisil, which has been stored in an air-tight 
container at 130°(^ is placed in a column over 
a small layer (one-half inch) of anhydrous 
granular sodium sulfate. After tapping the 
Fiorisil into the column, about a 3/4 inch layer 
cf granular sodium sulfate is added to the top. 
The column, after cooling, is pre-eluted with 
about 75 ml of hexane. The pre-eluate is dis- 
carded, and just prior to exposure of the 
sulfate layer to air, the sample extract is 
quantitatively transferred into the column by 
decantation and subsequent hexane washings, ihe 
elution rate is adjusted to about 5 ml per minute 
with two eluates collected separately in 500 ml 
K-D apparatus equipped with 2 ml ampoules. The 
first elution is performed with 200 ml of 5 to 
6% ethyl ether in hexane and the second elution 
with 200 ml of 15% ethyl ether in hexane. The 
K-D apparatus containing the eluates is con- 
nected to three ball Snyder columns and the 
solvents are evaporated, 

1. Eluate Composition 

If the Fiorisil has been properly activat£d 
and stored, and if the reagents are carefully 
prepared, the following eluate compositions 
will be obtained when the pesticides are pre- 
sent: (The first eluate 5 to 6% ethyl ether 
In hexane) : 



lindane Per thane 

BHC heptachlor epoxide 

Kel thane methoxychlor 

aldrin toxaphene 

heptachlor Strobane 

DDE chlordane (^ & tech) 
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IDE 



endosulfan I 



DDT 

The second eluate (15% ethyl ether In hexane): 

dj^eldrin / endosulfan II 

endrln lindane (possible 

trace of total) 

^ Kelthane (possible 

trace of total) 

^ Standard pesticide mixtures should be used 
frequently to demon rate the effectiveness of 
the Florlsll to characterize the eluate com- 
position and provide quantitative recovery. 



THIN LAYER 



G. Thin-Layer Chromatography 
1. Thin-Layer Plates 



SOLVENTS 



Previously prepared plates should be pur- 
chased and activated In accord with the 
supplier's directions. 



2. Developing . S61vent 



\ 



SPOniNG 



The developing solvent , carbon tetrachloride. 
Is added to the developing chamber to a depth 
of 10 nnn. Two filter paper wicks, one on each 
side of the chamber, are 'placed so that one 
end "ontacts the solvent. After the lid 
Is \xi place, the chamber is allowed to equili- 
brate for one hour. It Is Important that the 
chamber be protected from drafts and large 
temperature changes. 

3. Sample Spotting 



The sample extracts contained In K-D am- 
poules or extracts retained and transferred to 
ampoules are carefully evaporated In a bath of 
warm water at 40**C with 'ar fine draft of clean 
air to about 50-100 ul. (Utmost care must be . 
exercised to keep evaporation losses to a mini- / 
mum) and evaporated by the same technique to 
About 50 ul very carefully. The volume In the 
ampoule is adjusted to exactly 100 ul with 
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benzine and a measured aliquot is spotted using 
a micro syringe. The entire sample may be 
spotted, if necessary, by using several small 
applications, transferring the entire contents 
of the .ampoule each time as thoroughly as 
possible with a micro syringe. Utmost care must 
be exercised in keeping the spot small (less 
than 1 cm diameter). A gentle stream of clean, 
dry air of nitrogen may be applied over the spot 
-to facilitate close boundary evaporation, but 
thin gas flow exposure should be kept to a 
minimum. With the aid of a spotting template 
up to nine spots including samples an(]^s4:andards 
may be spotted 20 mm apart and 10 mm from the 
bottom of the layer. Samples may b&^spotted 
in duplicate depending on the nature of corro- 
bord^tive evidence desired. 

4. Standards 

A mixture of standards containing 10 to 20 
ug of each pesticide is spotted on each plate 
to confirm the separation of the respective 
pesticides by visual observation. Standards 
for recovery and instrumental measurement are 
spotted in the 20 to 100 nanogram range and 
hanc^led just as a sample would be treated in 
the subsequent steps of the procedure. 

5. Layer Development 

The spotted layer is placed in the pre- 
equilibrated chamber so that the bottom edge 
is in contact with the developing solvent and 
the lid is replaced. When the developing sol- 
vent reaches the upper reference line (10 cm) , 
the layer is removed from the chamber and 
allowed to air dry at room temperature. 

6 . Visualization and Se cti oning of Layer 

After development, the portion of the layer 
containing the standards (10-20 ug) is sprayed 
with a fairly heavy even coat of Rhodamine B 
(0.1 mg/ml in ethanol). The sprayed area is 
allowed to thoroughly dry (about 5 minutes) 
and then exposed to and viewed under short 
wave UV light. The pesticides show up as ■ 
quenched areas (dark) on a fluorescent back- 
ground. Mark the location of each pesticide. 
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The distaijce of travel for pesticides present 
In the unknown samples and recovery test stan- 
dards will be, respectively, the same as those 
of the sprayed standards. From this information 
the vertical zone for each sample is divided 
into five horizontal sections. The sections are 
identified with Roman numerals as shown in 
Figure 17-5 • Examples of respective Rf and Rr 
values for various pesticides are listed in 
Table 17-8. 

CONFIRM H. Confirmatory Techniques 

The analytical procedure described above is 
reasonably specific for the chlorinated hydrocarbon 
pej^ticide. That is, the preparation, extraction, 
and clean<-4ip steps eliminate and separate the pesti- 
cides from most interferences and artifacts* There 
may be occasions when it is in^erative to confirm 
the identity of a pesticide. Many techniques and 
innovations are available for confirmation r.nd the 
analyst may choose from^arious combinations of 
thin-layer chromatography, gas-liquid chromatography, 
paper chromatography, infrared, and ultraviolet 
spectroscopy, nuclear magnetic resonance, and mass 
spectrometry (105). Many of these are rather com- 
^ plex and require the' skill of a specialist. Should 
the reader perform a sampling and subsequent analysis 
that requires confirmatory information, he is re- 
ferred to any one of the State or Federal labora- 
tories mentioned in the National Pesticides Monitoring 
Program, 
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• TABLE 17-8 

SOME Rf AND Rr VALUES OF PESTICIDES DEVELOPED 
WITH CARBON TETRACHLORIDE ON SILICA GEL G THIN LAYER PLATE 



Pesticides 
and 



Mi'tabolites 


Rf Value 


Rr Value 


Section 


Dieldrin 


0.17 


0.33 ' 




Endr in 


• 0.20 


.037 


II 


Heptachlor Epoxide 


0.29 


.052 




Lindane 


0.37 


0.69 




DDD 


0.5A 


1.00 


III 


Y-Chlordane 


0.55 


1.02 




Heptachlor 


0.67 


1.24 




DDT 


0.68 


1.26 


IV 


DDE 


0.72 


1.33 




Aldrln 


0.73 


1.35 


4 



Rf = distance traveled by the compound divided by the 

distance traveled by the solvent front. 

Rr distance traveled by the compound divided by the 

.distance traveled by standard p,p'*DDD. 
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Figure 17-5 

Diagram of Designation of TLC Sections on Silica Gel Plates 
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Problems: 

1. Visit i nearby Agriculture or Health Department 
Office, and collect all available information on various 
kinds of pesticides used in your area. 

2. Write a report on your findings, including; monitor- 
ing requirements, kinds, types and amounts of pesticides 
used. Who uses them? Are they licensed? What are the 
major source? of pesticides in your area? 

3. Check the Federal Register and see if pesticides 
are limited in water environments. 
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